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oxygenator which has proven itself to be a hard 
act to follow. Heat exchanger performance 
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stimulation threshold 
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Vitatest is a sophisticated testing instrument that tells 
you at a glance all the intracardiac measurements 
you need to know during lead implantation. 

It works with two rows of lights, arranged in 
vertical arrows. One lets you determine stimulation 
threshold in mA or V. Easy-to-read flashing lights 
indicate high-low trends. 

The other gives you instant QRS signal 
strength as seen by the implanted pacemaker. 

A simpler, more effective way to test. 

Vitatest can also function as an external pulse 
generator in both ventricular inhibited and asynchro- 
nous modes. Overdrive pacing up to 380 ppm. 

Another important aspect of our Vitatest is 
patient safety. There is a locking mechanism that pre- 
vents inadvertent changing of output characteristics. 
Plus, special audio-visual alerts for both battery deple- 
tion and input interference. 

Human engineered and tough enough for use 
in any environment. 

For detailed specifi- 
cations, write Vitatron 
Medical b.v., PO Box 76, 

Kanaalweg 24, Dieren, 
The Netherlands. In the 
United States: Vitatron 
Medical Inc., One 
Gateway Center, Newton, { 
MA 02158. 
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| Faster, easier approximation. — 
. Consistent, reliable skin coaptation. 


Faster approximation __ 


superior cosmetic results 


xcellent control, improved accuracy 
The PROXIMATE disposable skin stapler is a fast, simple closing 
device that can reduce operating time and provide excellent 
cosmetic results. This instrument is designed to fit your hand for 
comfortable, easy use. Smooth trigger action with less firing force 
and flexible work angle provide excellent control and accuracy. 
Minimal trauma, staples removed easily 
The PROXIMATE stapler forms virtually inert rectangular-shaped 
stainless steel staples. Wound edges are held together by the 
staple's legs. Tissue reaction and trauma are minimal. Wider 
crowns keep the staples upright, minimizing rotation, easing 
removal. 
Staple counts and sizes for all closing needs 
PROXIMATE products are available with regular and wide staples 
in counts of 15, 35, and 55 to meet closing needs for short, 
edium, and long incisions. 


Touch skin lightly using centerline 

indicator to ensure equidistant staple 

placement across the incision. 

Fire, release completely, and with- 

draw instrument with backward 
Trademark ©ETHICON, INC. 1979 motion. 





Staples placed accurately. 
Designed for precise placement. 


Ample space between staple crown 
and skin surface minimizes cross- 
hatching and eases staple extrac- 
tion. Properly placed staples 
provide accurate apposition with 
minimal tension. 


d 


Staples removed quickly. Extraction 
easy for surgeon and patient. 


P^ | 


Extractor designed for easy removal 
of staples. Simply position jaws 
beneath staple span, squeeze 
handles until fully closed, and lift 
staple. 


ETHICON 


Innovators in wound closure 


PROXIMATE staplers have been 
proven 99% reliable in actual use.** 


Superior cosmetic results. 


**Based on data on file at ETHICON, INC 
for PSR35 and PSW35. 








The first AV sequential pacemaker system to totally utilize 
the original CyberLith programming flexibility and reliabilit 


Compact and light- 
weight, the CyberLith IV 
A-V sequential pacemaker 
(model 259-01) is designed 
to accomodate your pa- 
tient's long-term pacing 
requirements. 

A-V sequential (DVI) 
pacing can increase car- 
diac output to enhance the 
treatment of heart failure 
and sick sinus syndrome. 
This pacing mode can also 
be used to suppress numer- 
ous arrhythmias. 

The CyberLith IV is sub- 
stantially smaller than any 
other A-V sequential pace- 
maker, weighing one-third 
less than its nearest 
competitor. It utilizes two 


reduced-size unipolar 
leads, and the resulting 
smaller catheter diameters 
facilitate passing these 
leads transvenously. 





Multi-programmable, 
the CyberLith IV offers 15 
rates, 15 pulse width settings 
and 7 sensitivity levels. The 


standard series 522 
CyberLith Programmer pei 
mits selective noninvasive 
programming with all the 
necessary combinations. 


When you make a choice 
for your patient's best in- 
terest, choose CyberLith IV 





4f Intermedics Inc 


P.O, Box 617 

Freeport, Texas 77541 
Tel: (713) 233-8611 

Toll free: 1-800-231-23. 


Our business is life" 





Intermedics CyberLith IV—Brief Summary 


INDICATIONS FOR USE: Implantable cardiac 
pulse generators may be indicated for 
long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic 
bradyarrhythmias, tachyarrhythmias, and heart 
block unresponsive to drug therapy. 


A-V sequential pacing is specifically 
indicated for treatment of conduction 
disorders which require restoration of both rate 
dnd atrio-ventricular synchrony. A-V 


sequential pacing is also indicated for patients 
with extensive myocardial infarction with A-V 
block and sinus bradycardia. 


CONTRAINDICATIONS AND SIDE EFFECTS: 
There are no known contraindications to the 
use of pacemakers as a medical method for 
control of heart rate. Body rejection 
phenomena, local tissue reaction or skin 
necrosis, muscle and nerve stimulation, 
embolism, and cardiac tamponade have 
been reported. 


PRECAUTIONS: See the "Cautionary Notes" 
section of the Physician's Manual for the 


Intermedics cardiac pulse generator to 
be implanted. Discussion includes Possible 
Complications, Environmental Hazards 
(electrocautery, diathermy, defibrillation, 
microwave ovens, home appliances, and 
industrial and special environments), and 
Effects of Drugs on Cardiac Pacing. 


NOTE: CyberLith IV is currently undergoing 
clinical evaluation. 
© November, 1979, Intermedics, Inc. 


CyberLith IV ™ is a trademark of Intermedics, 
Inc. Freeport, TX. 
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Inguinal ring 


For all of its benefits, intra-aortic balloon 
pumping has had one ever-present shortcom- 

pP ing. The balloon had to be inserted and 

p removed surgically. 

Femoral The Datascope*PERCOR balloon* puts an 

artery end to all that. 

This remarkably innovative device is easily 
and quickly inserted through the skin, using the 
Seldinger catheterization technique. 

The surgical insertion that used to take 20 to 45 
minutes is now completed without surgery in 

approximately 5 minutes. Further, removal is accom- 
plished in minutes without surgery as well. 
With this new technique, it is apparent that intra-aortic balloon 
pumping, when indicated, will be used by more medical specialists 
in a wider variety of clinical settings for the benefit of increasing 
numbers of patients. In the operat- 
ing room, the catheterization lab, 
CCU and emergency room. By the 
surgeon, the radiologist, the 
cardiologist. 

We would be pleased to send 
you more information about our 
|] revolutionary device and to 
J schedule a filmed demonstration 
of its use. Call Robert Rewolinski, 
Manager, Cardiac Assist 
Products, at 201-265-8800 

di or write him at Datascope Corp., 
Ad Dept. #5-G, 580 Winters Avenue, 


PERCOR™ balloon PERCOR™ inflated. Paramus, NJ 07652. 
ready for insertion. 


The Datascope PERCOR” intra-aortic balloon 


Clinical reference: Preliminary Clinical Experience With Percutaneous Intra-Aortic Balloon Pumping (IABP), V. A. Subramanian, Jonathan Goldstein, 
Thomas A. Sos, John C. McCabe, Eddie Hoover & William A. Gay, Jr., New York Hospital, New York, NY. Abstract published in CIRCULATION, Part Il, 
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Fora suture line that's really secure... 









1 | 
SURGILENE 
t polypropylene monofilament suture. 


SURGILENE suture is smooth, strong, inert...and unlike other polypropylene Pw, 
sutures, it does not stretch excessively. So sutures stay where you place them, assuring 


you of a secure suture line. This pliable suture handles well and ties easily...and it's so 
smooth, it actually glides through tissue. 

Because SURGILENE is inert, scarring is minimal and complications few. And it 
has a flex life unexcelled by any other synthetic monofilament. 

For your convenience, SURGILENE is available in our unique, time-saving 
DIRECT DISPENSING packages. 
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A DAVIS«GECK / 


American Cyanamid Company 
Pear River, N.Y. 40965 





See next page for complete product information. 
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SURGILENE 


polypropylene monofilament suture 
comes in unique, time-saving 


DIRECT DISPENSING | 





Tear inner pack 
diagonally to expose suture. 


packages. 


(QRGILENE* polypropylene monofilament suture 


omplete Product Information 


ESCRIPTION 

JRGILENE polypropylene Suture.(clear or pigment- 
1) is a sterile, isotactic crystalline stereoisomer of a 
year hydrocarbon polymer having essentially no un- 
ituration. The pigmented suture contains Copper 
ithalocyanine Blue. 


CTIONS 

JRGILENE causes a minimal, transient, acute in- 

immatory reaction. This is followed by the formation 
a microscopic layer of fibrous tissue around the 

iture. The suture is not absorbed nor is it subject to 

»gradation or weakening by the action of tissue en- 

'mes. 


IDICATIONS 
JRGILENE may be used wherever Nonabsorbable 


Surgical Suture, USP is recommended. 


Because of its lack of adherence to tissue, 
SURGILENE is efficacious as a pull-out suture. 


CONTRAINDICATIONS 
There are no known contraindications. 


WARNINGS 

Studies to determine the safe and effective use of 
SURGILENE Suture in eye surgery have not been per- 
formed. 


PRECAUTIONS 

As with other synthetic sutures, knot security requires 
the standard surgical technic of flat and square ties. 
with additional throws if indicated by surgical cir- 
cumstance and the experience of the operator. 


DG 
DAVIS+GECK 


American Cyanamid Company 
Pear River N Y 4095 


Then, pull suture out. 


There is an ongoing carcinogenicity study in rats, the 
results of which are not yet available. 


ADVERSE REACTIONS 

The most common adverse reaction noted during the 
clinical investigations with SURGILENE Suture was 
redness at the suture site, reported in up to 15% in 
some study populations. Edema and/or infection at 
the suture site has been noted in up to 8% in some 
study groups. Infrequent adverse reactions reported 
include suture extrusion and dehiscence (2 cases 
reported). 


HOW SUPPLIED 
Available in USP sizes, non-needled or affixed to the 
various DAVIS + GECK ATRAUMATIC® needles 10/0 
thru 2 for pigmented sutures; 7/O thru 2 for clear, 
in one dozen and three dozen packages. 

Rev. 3/77 
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For more than 10 years and in thousands of procedures, 
aortic and mitral valves have demonstrated superior reliability and effg 
meloff valves feature: O pure titanium, one-piece cage O solid silicone 
mild cure" O minimal flow turbulence to reduce clot forming potential O m 
orifice [O open-ended cage to reduce foci for thrombus formatio 
And now Sutter Biomedical offers manufacturing craftsmanship and ext 
service to match the superior characteristics of the Smeloff valves, 
omedical is new but devoted to the old traditions of providing quality in y 
timeliness in delivery, satisfaction in service, 
Sutter Biomedical is your headquarters for Smeloff valves. 
Sutter Biomedical, Inc. 
3940 Ruffin Road Suite A, San Diego, California 92123 (714) 569-8148 
For order placement call: (800) 854-2216 
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St. Paul, Minnesota 55164, U.S.A. 


WE'RE DEFINING THE FUTURE 
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Surgical Management 


of Left Ventricular-Aortic Discontinuity 
Complicating Bacterial Endocarditis 


Paul T. Frantz, M.D., Gordon F. Murray, M.D., 


and Benson R. Wilcox, M.D. 


ABSTRACT Successful hemodynamic repair of left 
ventricular-aortic discontinuity complicating bacte- 
rial endocarditis in 2 patients was achieved using a 
composite valve-woven Dacron tube graft. The 
prosthetic valve was sutured without tension into 
the remaining aortic annulus, ventricular muscle, 
and base of the aortic leaflet of the mitral valve. Use 
of the composite graft allows adequate debridement 
of the abscess, restores ventricular-aortic continuity, 
excludes the abscess wall from systemic pressure, 
and does not require saphenous vein coronary 
bypass. Total exclusion of the aortic root, as de- 
scribed, is a lifesaving alternative repair in the care 
of desperately ill patients with this condition. 


Abscess of the aortic root complicating bacterial 
endocarditis presents a relatively rare but for- 
midable challenge for the cardiac surgeon. 
Management of these lesions is difficult due to 
extensive tissue destruction associated with 
loss of supportive tissue in the aortic annulus 
and eventual left ventricular—aortic discon- 
tinuity. Direct suture repair and valve replace- 
ment often fail for this reason. Alternative sur- 
gical approaches dealing with aortic root 
abscess include repair of aortic and myocardial 
defects with Teflon felt in conjunction with 
valve replacement [18], insertion of the 
prosthetic valve in the ascending aorta and 
placement of bypass grafts to the coronary ar- 
teries [13], and the use of a Dacron felt poly- 
propylene bolster to reinforce the closure of an 
aortic root abscess [30]. This report describes 
successful repair of left 
ventricular—aortic discontinuity complicating 


hemodynamic 
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bacterial endocarditis in 2 patients using a 
composite prosthetic valve-Dacron tube graft. 
Use of the composite graft allows adequate de- 
bridement of the abscess, restores ventricular- 
aortic continuity, and does not require saphe- 
nous vein coronary bypass. 


Case Reports 

Patient 1 

A 22-year-old man was known to have had a 
heart murmur since childhood. Evaluation was 
prompted by two near syncopal episodes. 
There was a harsh grade 4/6 systolic murmur, 
and the electrocardiogram showed left ven- 
tricular hypertrophy. Moderate cardiomegaly 
was demonstrated roentgenographically. Car- 
diac catheterization revealed aortic stenosis 
with a valve area of 0.9 cm? and elevation of left 
ventricular end-diastolic pressure to 15 mm Hg. 

At operation on January 10, 1978, the aortic 
valve was found to be bicuspid and partially 
calcified. The diseased valve was replaced with 
a No. 18 Lillehei-Kaster prosthesis. The post- 
operative recovery was uneventful. Before the 
patient's discharge, one of the three postopera- 
tive blood cultures grew Staphylococcus epider- 
midis. Clinical manifestations of endocarditis 
were absent, and the staphylococcus was 
thought to be a contaminant. Subsequent blood 
cultures grown when he was an outpatient were 
sterile. 

Four months later, the patient was re- 
admitted to North Carolina Memorial Hospi- 
tal with complaints of fever, cough, weakness, 
and insomnia. A regurgitant aortic murmur 
was heard. Cardiac fluoroscopy demonstrated 
excessive movement of the prosthetic valve. 
Multiple blood cultures again grew Staphyl- 
ococcus epidermidis. Treatment with Kefzol 
(cefazolin sodium), gentamicin, and rifam- 
pin was initiated. Cardiac catheterization re- 
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Fig 1. Extensive annular and subannular abscess asso- 
ciated with prosthetic valve dehiscence. Destruction of 
the aortic wall has extended to the ostium of the left 
coronary artery. 


vealed 3* paraprosthetic regurgitation through 
a large posterior aortic root abscess. The 
prosthetic valve was separated from the an- 
nulus posteriorly and prolapsed into the left 
ventricle during diastole. Urgent reoperation 
was undertaken. 

The heart was exposed through a median 
sternotomy, and cardiopulmonary bypass was 
established with femoral arterial perfusion and 
cannulation of the venae cavae. Myocardial 
protection was afforded by core hypothermia, 
topical iced saline solution, and periodic infu- 
sion of potassium cardioplegic solution (4?C) 
directly into the coronary ostia. The prosthetic 
valve had detached from the aortic root poste- 
riorly and laterally, and the sewing ring was 
covered by friable granulation tissue. When the 
prosthesis was removed, an extensive suban- 
nular abscess, which had destroyed the left and 
noncoronary sinuses, was uncovered. The aor- 
tic wall above the left sinus was destroyed 
within 2 mm of the inferior aspect of the left 
coronary ostium (Fig 1). The false aneurysm 
was debrided in an effort to remove all nonvi- 
able and infected tissue. The left atrial wall and 
the base of the pulmonary artery were exposed 
through the defect in the aortic root. 

Direct suture repair of the discontinuity be- 
tween the left ventricle and aorta in conjunction 
with valve replacement was considered to be 





Fig 2. Defect is repaired with reimplantation of both 
coronary arteries into the side of the graft. 


impossible. Reconstruction was accomplished 
with a composite graft incorporating a No. 18 
Lillehei-Kaster valve in a 30 mm woven Dacron 
tube graft. The composite prosthesis was su- 
tured to the base of the heart with pledgeted 
horizontal mattress sutures through ventricular 
septum, ventricular wall muscle, and mitral 
valve. The coronary ostia were sutured into the 
side of the graft. The distal end of the graft was 
sutured into the lumen of the aorta, and the 
aortotomy was closed over the graft (Fig 2). 

Postoperative recovery was satisfactory ex- 
cept for a brief period of heart block, which 
resolved. Intraoperative cultures of the 
prosthetic valve and abscess were sterile, and 
gram stains failed to demonstrate bacteria. The 
patient completed a six-week course of Kefzol, 
gentamicin, and rifampin and is currently on a 
regimen of Septra (trimethoprim and sulfa- 
methoxazole), administered orally. Six months 
after the second operation, the patient is free 
from infection and has resumed normal ac- 
tivities. 


Patient 2 

A 67-year-old man had mild, long-standing 
aortic insufficiency and stenosis. Four weeks 
prior to his admission, oral administration of 
erythromycin was started because of a produc- 
tive cough and a right lower lobe pulmonary 
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infiltrate. Two weeks later he was admitted to 
another hospital because of lethargy, fever, and 
chills. No congestive heart failure was noted. 
All blood and urine cultures grew Citrobacter 
freundii. Despite a two-week course of gentami- 
cin, nafcillin, and carbenicillin, he continued to 
be febrile, and first-degree heart block and 
right bundle-branch block developed. 

The patient was transferred to North Carolina 
Memorial Hospital on May 20, 1978, and was 
found to be in mild congestive heart failure. 
Blood pressure was 115/35 mm Hg with Corri- 
gan's pulses, and a loud murmur of aortic in- 
sufficiency was noted. Blood cultures were 
sterile. Complete heart block developed, and a 
temporary pacemaker was inserted. Congestive 
heart failure increased despite intensive medi- 
cal therapy. Cardiac catheterization revealed 4+ 
aortic insufficiency and a large abscess involving 
the aortic root. A fistulous communication be- 
tween the abscess and right ventricle was also 
present. Further hemodynamic deterioration 
occurred, and operation was undertaken on 
May 26, 1978. 

The heart was exposed through a median 
sternotomy, and cardiopulmonary bypass was 
established with arch perfusion and cannula- 
tion of the venae cavae. Myocardial protection 
was afforded by core hypothermia, topical iced 
saline solution, and periodic coronary perfu- 
sion with potassium cardioplegic solution 
(4°C). Aortotomy revealed the right and non- 
coronary leaflets to be damaged and covered by 
exuberant vegetations. An abscess had replaced 
the aortic wall of the noncoronary and right 
sinuses of Valsalva, thereby creating left 
ventricular—aortic discontinuity in this area 
(Fig 3). The base of the pulmonary artery was 
exposed, and a communication existed between 
the abscess and the right ventricle through the 
interventricular septum. 

The valve was excised and the abscess de- 
brided in an effort to remove all infected and 
nonviable tissue. Approximation of the left 
ventricle to the aorta by a direct suture tech- 
nique was considered to be impossible. Thus, 
the aortic root was reconstructed with a compos- 
ite No. 18 Lillehei-Kaster valve-30 mm woven 
Dacron graft conduit. The composite prosthesis 
was sutured to the remaining interventricular 





Fig 3. Destruction of the annulus and superior portion 
of the interventricular septum has resulted in 
ventricular-aortic discontinuity. 





Fig 4. The composite graft is sutured to the remaining 
healthy interventricular septum and the base of the 
aortic leaflet of the mitral valve. 


septum, aortic annulus, and mitral valve with 
horizontal pledgeted mattress sutures. Two 
5-mm circular openings were cut from the graft 
corresponding to the coronary ostia, which 
were sutured directly to the graft. The distal 
end of the graft was sutured within the aorta 
(Fig 4), and the aorta was closed over the graft. 
The patient was weaned from cardiopulmonary 
bypass, but complete heart block persisted and 
necessitated external pacing. 

Cultures of the valve and contents of the 
abscess cavity were sterile, and microscopic ex- 


4 The Annals of Thoracic Surgery Vol 29 No 1 January 1980 


amination of the debrided tissue revealed no 
organisms. The postoperative course was com- 
plicated by progressive mental deterioration, 
renal failure, and gastrointestinal bleeding. 
Throughout this period until the patient's death 
on the tenth postoperative day, blood cultures 
remained sterile and no regurgitant murmurs 
appeared. Postmortem examination revealed 
the composite graft to be intact. A small, 
localized area of muscle necrosis was present in 
the interventricular septum at the base of the 
graft. This area contained inflammatory cells 
and fibrin, but no bacteria were present. 


Comment 

The pathophysiology of acute bacterial en- 
docarditis has changed dramatically during the 
past forty years. Prior to the introduction of 
antibiotic therapy, the mortality was quite high 
[25]. Generally, patients with this disease died 
of septic complications of the infection before 
hemodynamically significant valve lesions 
developed. The introduction of penicillin 
dramatically changed the outlook for patients 
with bacterial endocarditis. Frequent bac- 
teriological cures with penicillin therapy were 
reported [10, 15]. The appearance of regurgitant 
lesions during antibiotic therapy became more 
common and carried grave prognostic implica- 
tions [9, 28, 31, 40]. The increasing incidence of 
heart failure from valve insufficiency was due 
to the elimination of early infectious deaths 
by antibiotics, the frequency of endocarditis 
caused by more virulent pathogens, and the 
prolongation of the inflammatory process by 
inadequate antibiotic therapy [35]. 

As reported by Wallace and co-workers [42] 
and later by Wilcox and associates [45], suc- 
cessful valve replacement in the presence of ac- 
tive endocarditis was possible. This experience 
provided the next major advance in the treat- 
ment of patients with this condition. Under the 
protective umbrella of high doses of antibiotics, 
removal of infected valves and granulation tis- 
sue is possible with a low incidence of pros- 
thetic valve endocarditis and an acceptable in- 
cidence of paraprosthetic regurgitation [4, 5, 12, 
18, 27, 29, 34, 39, 44, 47, 50]. Endocarditis 
caused by antibiotic-resistant strains ef bacteria 


and fungi has been eradicated by excision of 
the infected site and valve replacement or repair 
of the intracardiac defect [21, 26, 33, 47]. Oper- 
ative mortality and long-term prognosis for pa- 
tients with endocarditis confined to the valve 
leaflets are determined largely by the myocar- 
dial reserve at the time of operation [8, 27, 50]. 

Timely surgical intervention should prevent 
extension of the valve infection to the aortic 
root [12]. However, some patients are seen late 
in the course of the disease or have endocardi- 
tis due to a particularly virulent and invasive 
organism [33]. Extension of the infection to 
the aortic root with the formation of annular 
abscesses, aneurysms, or intracardiac fistulas 
significantly increases the incidence of surgical 
morbidity and mortality [44]. Prosthetic valve 
endocarditis is another cause of potentially le- 
thal aortic root abscess. The annual incidence is 
less than 1% in patients with prosthetic heart 
valves; however, with the large number of pa- 
tients at risk, this complication is significant 
[14, 22, 38, 49]. Infection is commonly present 
within the sewing ring of the valve [2]. Spread 
of the infection from the sewing ring to the ad- 
jacent annulus increases the likelihood of 
abscess formation and prosthetic valve dehis- 
cence [2, 17]. The most common pathogen in 
these patients is staphylococcus, an organism 
that is highly destructive and difficult to eradi- 
cate when established on foreign material [1, 2, 
17, 34]. 

Traditional surgical management for an 
abscess dictates removal of all foreign material 
from the infected site, debridement of nonvi- 
able tissue, thorough irrigation, and external 
drainage when possible. Unfortunately, an ab- 
scess within the aortic root often compromises 
strict adherence to these steps. Destruction of 
the fibrous tissue support within the aortic root 
reduces the amount of healthy tissue available 
for reconstruction by the usual surgical tech- 
niques. Although debridement and primary 
suture closure of a small aortic root abscess is 
possible in conjunction with valve replacement 
[19, 37, 44], larger abscesses associated with 
loss of annular fibrous tissue provide a more 
difficult management problem, as the remain- 
ing tissue is not suitable for suture placement. 
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Attempted surgical repair is commonly compli- 
cated by paraprosthetic leak and dehiscence of 
the prosthetic valve [8, 16, 19, 37, 44, 46]. 
Several innovative techniques have been 
used to repair aortic root defects due to bacterial 
endocarditis. Hatcher and associates [18] suc- 
cessfully repaired a ventricular septal defect 
with a Teflon felt patch in conjunction with an 
aortic valve replacement in a patient with an- 
nular and septal abscesses. Replacement of a 
necrotic portion of the aortic wall with a Teflon 
felt patch and aortic valve replacement was re- 
quired in 2 other patients. Danielson and as- 
sociates [13, 48] described implanting the 
prosthetic aortic valve in the ascending aorta. 
The coronary ostia were closed and reversed 
autogenous saphenous vein grafts sutured to 
the aorta above the prosthetic valve and to the 
right and left coronary artery systems. Where- 
as this technique obviates reimplanting a 
prosthetic valve into an infected annulus and 
promotes healing of the aortic root abscess, the 
wall of the subannular pseudoaneurysm is un- 
protected from systemic pressure, and expan- 
sion of the aneurysm may occur [13, 48]. 
Gradual expansion and rupture of mycotic an- 
eurysms in the aortic root have been reported 
[1, 6, 11, 32, 41]. Furthermore, young patients 
whose myocardium is totally dependent upon 
reversed saphenous vein coronary bypass, are 


at risk for graft closure and myocardial infarc- 


tion for many years. Olinger and Maloney [30] 
reported the use of a Dacron felt- polypropylene 
sponge bolster to reinforce the repair of left 
ventricular-aortic discontinuity complicating 
bacterial endocarditis. The bolster was de- 
signed to distribute the tension of the sutures 
and reduce the chance of dehiscence of the re- 
pair under these circumstances. 

An experimental technique of extraanatom- 
ical bypass of the aortic root was reported by 
Brown and colleagues [7]. A valve-containing 
conduit was inserted between the apex of the 
left ventricle and the descending thoracic aorta 
of a dog. A reversed autogenous saphenous 
vein graft was then interposed between the de- 
scending thoracic aorta and left anterior de- 
scending coronary artery. The ascending aorta 
was occluded with a clamp, thereby establish- 


ing hemodynamic bypass of the aortic root. 
This technique allows removal of an infected 
aortic valve or prosthesis and permits debride- 
ment of an aortic root abscess without requiring 
insertion of a second prosthesis in the same 
area. In a human, however, closure of a friable, 
infected aortic root exposed to systemic pres- 
sure would be required. Coronary artery 
bypass grafting and placement of an apicoaortic 
conduit would also have the disadvantage of 
adding length and complexity to the operative 
procedure. 

Composite prosthetic valve-Dacron tube 
graft reconstruction of the aortic root, as de- 
scribed here, has previously achieved success- 
ful surgical repair of annuloaortic ectasia [3, 23, 


24, 36, 43], ascending aortic aneurysm [24], and 


chronic aortic dissection with aortic valve in- 
volvement [24]. Use of the composite graft for 
repair of extensive aortic root abscess with left 
ventricular-aortic discontinuity has several at- 
tractive advantages not offered by other tech- 
niques. Debridement of the abscess and in- 
fected valves can be performed without the 
concern to leave sufficient tissue for direct su- 
ture approximation of the aorta and left ven- 
tricular muscle. The valve is sutured without 
tension directly into the remaining aortic an- 
nulus, ventricular muscle, and base of the aortic 
leaflet of the mitral valve. The remaining 
abscess wall is protected from systemic pres- 
sure by the Dacron graft, preventing gradual 
expansion and rupture of the aneurysm. The 
coronary ostia and the remaining rim of healthy 
aorta can be sutured to the graft in a fashion 
that prevents tension on the sutures and possi- ` 
ble distortion of the coronary arteries. Hemo- 
stasis is assisted by suturing the composite graft 
within the Jumen of the aorta and closure of the 
aorta over the graft. Coronary bypass is not re- 
quired in this repair, avoiding potential late 
morbidity associated with the use of saphenous 
veins. The procedure can be done rapidly dur- 
ing a single period of ischemic arrest with 
potassium cardioplegic myocardial protection, 
an important feature in the care of these des- 
perately ill patients. 

Successful hemodynamic repair of large aor- 
tic root defects was achieved in both patients 
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reported here. Long-term success with compo- 
site prosthetic valve-graft reconstruction will 
depend on the incidence of graft infection. Past 
experience has shown that valve replacement in 
the presence of active endocarditis is possible 
without contamination of the prosthesis [4, 16, 
17, 20, 27, 29, 30, 39, 42, 44, 45, 47, 48]. Preven- 
tion of contamination of the valve prosthesis is 
dependent on excision of the infected tissue, 
closure of annular abscesses, and antimicrobial 
therapy [8, 19, 34]. As in our 2 patients, the 
annulus may be grossly necrotic but cultures of 
the annulus may be negative [2]. Intensive 
antibiotic therapy and thorough debridement 
of the diseased tissue should limit the occur- 
ence of septic graft complications. 
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MB Creatine Kinase and 


the Evaluation of Myocardial Injury 
Following Aortocoronary Bypass Operation 


Claude du Cailar, M.D., Jean-Guy Maillé, M.D., William Jones, M.D., 
B. Charles Solymoss, M.D., Michel Chabot, M.D., Claude Goulet, M.D., 
Eric Delva, M.D., and Claude M. Grondin, M.D. 


ABSTRACT Myocardial injury was studied in 104 
patients undergoing coronary artery gxafting without 
cold chemical cardioplegia using the quantity of the 
isoenzyme MB of the creatine kinase liberated as an 
indicator. This method of evaluation, which is said 
to permit comparison of different techniques of 
myocardial protection, allowed us to consider the 
relative importance of several factors believed to 
have an influence on intraoperative myocardial in- 
jury. Indices of significance were duration of symp- 
toms before operation, presence of chronic arterial 
hypertension, and the type of antiangina treatment 
employed. Other operative factors included severity 
of the arterial lesions, number of anastomoses per- 
formed, and duration of extracorporeal circulation 
and of aortic cross-clamping. 


Myocardial protection is a current problem. 
Although the beneficial effects of different 
forms of myocardial protection can be demon- 
strated readily in experimental models, it is, in 
contrast, more difficult to conduct such a study 
in man. The superiority of one method cannot 
be based solely on a good postoperative course 
or on the incidence of unquestionable myocar- 


dial infarction since a large myocardial reserve. 


often allows a myocardial injury of considerable 
degree (in general, subendocardial) to remain 
clinically and electrically silent [4]. The object of 
this study was not to compare the different 


techniques of myocardial protection but rather 


to establish a reference baseline for future com- 
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parison of such techniques. In addition, the 
myocardial injury inherent in the technique of 
coronary artery grafting used in this institution 
prior to 1977 was calculated. For this purpose, 
the method of estimation of the size of a myo- 
cardial infarct as calculated from successive 
measurements of the isoenzyme MB of the 
creatine kinase (CK-MB) [21, 22] was used in 
patients undergoing coronary artery grafting 
[8]. In the same group of patients, the factors 
having a potential influence on perioperative 
myocardial damage were studied. 


Material and Methods 

This study involves 105 patients operated on 
consecutively at the Montreal Heart Institute 
during 1976. Patients undergoing emergency 
operation were excluded. There was 1 operative 
death, which reduced the patient population to 
104. There were 15 women and 89 men with a 
mean age of 51.7 years. Ten patients had a 
single aortocoronary bypass, 41 had two, 37 had 
three, 15 had four, and 1 patient had five grafts. 
All were operated on by means of the same 
technique. A Sarns roller pump and a Travenol 
bubble oxygenator (model 6LF) were primed 
with 5% dextrose and Ringer’s lactate solu- 
tion. Moderate hemodilution and hypothermia 
(mean values: temperature, 24°C; hematocrit, 
27) were utilized. Cold chemical cardioplegia 
was not employed. Mean perfusion pressure 
was 90 mm Hg and pump flow was 2.08 L/ 
min/m?. Decompression of the left ventricle was 
assured by a vent introduced through the left 
atrium. In most instances, the heart was fibril- 
lated and defibrillated electrically. After each 
distal anastomosis, the aorta was unclamped. 
Rewarming of the patient was begun during the 
performance of the aortic anastomoses, during 
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which the heart was maintained in a state of 
ventricular fibrillation. 


Methodology 
Multiple samples for measurement of CK and 
its isoenzymes were taken from each patient: 
prior to the induction of anesthesia, before the 
start of extracorporeal circulation; 1 hour after 
the start of extracorporeal circulation; at 
closure of the chest; 3, 6, and 9 hours later; the 
following day at 8:00 and 16:00 hours; and once 
daily at 8:00 hours for seven days. Total CK and 
its isoenzymes were measured using a method 
previously described [8]. The CK-MB isoen- 
zyme concentration, expressed in international 
units per liter, was plotted by computer in the 
form of a curve illustrating the variations of 
CK-MB as a function of time [8]. 

Two variables formed the basis of this study: 


the peak of the CK-MB curve and the total 


quantity of enzyme liberated. The peak value 
usually occurs at the third postoperative hour 
[8]. Therefore, it can be concluded that the 
height of the individual peak at that particular 
moment is indicative of the importance of the 
intraoperative myocardial trauma. 

The total quantity of CK-MB liberated (Q) is 
calculated using the formula introduced by 
Shell and associates [21, 22] in their study of 
myocardial infarction: Q = K x BW x Kd {Edt 
where K is the constant, BW represents body 
weight in kilograms, Kd is the coefficient of 
disappearance of CK-MB which is specific for 
each patient [16], and f Edt represents the total 
serum activity of CK-MB during the first 72 
hours and corresponds to the surface described 
by the curve. Whenever calculation of Kd was 
rendered difficult, the mean Kd from all pa- 
tients was used (0.0018 ml“). Calculation of the 
Kd was not possible in 44 patients due to a reas- 
cent of the curve or a plateau in the curve. In 
some of these instances, the number of points 


available during the descent of the curve was 


insufficient (« 5). Measurement of f Edt is done 
by planimetry and is expressed in international 
units per milliliter per minute. The degree of 
myocardial injury is directly proportional to the 
quantity Q and is expressed in creatine kinase 
gram-equivalents (CK-gm-Eq). The term myocar- 
dial injury seems to better reflect the alterations 


in surgical patients than the term infarct size 
used for medical infarct studies. During cardiac 
operation, infarction represents but one form of 
myocardial damage. 

The second part of this work involved the 
study of several variables associated with the 
preoperative and perioperative condition of 
each patient and thought to have an influence 
on the degree of myocardial damage. In the 
analysis of each variable, comparisons of total 
myocardial damage or Q and the peak of the 
CK-MB curve were performed using the Stu- 
dent! test. Normality of the sample distribution 
of the means was assumed because of the rela- 
tively large number of patients and the usual 
tendency for this type of variable to follow a 
normal distribution. The Fisher test of equality 
of variance was applied before performing the t 
tests. When the null hypothesis (01? = 027?) was 
rejected, the t test was computed based on the 
separate variance estimates. 


Results 

Myocardial Injury and Peak of the CK-MB Curve 
All patients studied demonstrated an intra- 
operative elevation of CK-MB corresponding to 
a mean myocardial injury of 8.3 + 7.6 CK-gm-Eq. 
If the 22 patients in whom a perioperative myo- 
cardial infarction developed are removed from 
this group, the mean myocardial damage is 6.5 
+ 4.7 CK-gm-Eq. The mean CK-MB peak values 
for the two populations thus defined are 178.4 
+ 10 IU/L and 158 + 10.9 IU/L, respectively. 


Analysis of Variables 
Statistical analysis of the different variables 
studied gave the following results: 
PREOPERATIVE FACTORS. The 53 patients 
having angina for more than 3 years demon- 
strated a greater myocardial injury than those 
whose symptoms were more recent (< 1 year) 
(Table 1). Likewise, the group of 20 patients 
with chronic hypertension had a peak signifi- 
cantly higher than that of normotensive pa- 
tients. On the other hand, patients treated with 
propranolol had a lower peak CK-MB level than 
those receiving other antiangina medications or 
no treatment. Myocardial injury was signifi- 
cantly greater in the 86 patients with two or 
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Table 1. Effect of Preoperative Factors on Extent of Myocardial Injury 





Presence of 





Onset of Arterial No. of Stenoses Stenosis 
Patients and Symptoms Hypertension Propranolol >50% >80% 
. Time of Myo- a 
cardial Injury <lyr >3yr Yes No Yes No 1 2 or more Yes No 
No. of patients 3M 53 20 84 63 41 18 86 92 12 
Perioperative 6.2 9.8 9.6 8.1 7.6 9.5 M 9.1 8.7 5.8 
myocardial injury p = 0.02 NS NS p = 0.001 p = 0.02 
(Q, CK-gm-Eq) 

Intraoperative 152.3 194.5 233.6 165.3 157.9 209.9 125.8 189.4 183.7 137.4 
myocardial injury NS p = 0.01 p = 0.02 p = 0.02 NS 
(peak, IU/L) 





Q = total quantity of the isoenzyme MB of the creatine kinase liberated; CK-gm-Eq = creatine kinase gram-equivalents. 


Table 2. Effect of Intraoperative Factors on Extent of Myocardial Injury 


Duration of Duration of 


Cardio- Aortic 
pulmonary Cross- 
Bypass Clamping 


Patients and 


(ave, 125 min) 
Time of Myo- — — 


(ave, 30 sec) 


———— 


30 Oorl 2 or more 


Duration of 


No. of Cardiopulmonary 

Aortic Bypass after Duration of 

Cross- Unclamping Anesthesia 
Clampings (ave, 48 min) 


(ave, 5% hr) 


cardial Injury «125 >125 «30 «48 48 «514. >5% 
No. of patients 53 51 50 54 21 83 53 51 56 48 
Perioperative 6.5 10.4 6.4 10.3 5 9.3 6.8 10 6.3 10.8 
myocardial p = 0.008 p = 0.007 p = 0.01 p = 0.03 p = 0.04 
injury 
(Q, CK-gm-Eq) 
Intraoperative 156.8- -200:9 1521 202.7. 125.8. 1917 156.8 200.9 148.4 213.4 
myocardial p = 0.04 p = 0.02 p = 0.01 p = 0.04 p = 0.003 
injury | 


(peak, IU/L) 


Abbreviations same as for Table 1. 


more stenoses greater than 5096 and in those 
with at least one stenosis greater than 8096. 
INTRAOPERATIVE FACTORS. Patients in whom 
cardiopulmonary bypass time exceeded the 
average demonstrated a higher peak CK-MB 
value and an increased myocardial injury 
(Tables 2, 3). In addition, patients undergoing 
prolonged cardiopulmonary bypass following 


aortic unclamping had higher peaks and greater . 


myocardial injury than did those who had 


either a longer than average aortic cross-clamp 


time or two or more aortic cross-clamp periods. 
There was a major difference in the height of 
the CK-MB peak and myocardial damage be- 
tween patients who had one or two vein grafts 
and those who had three or more. These dif- 
. ferences remained significant in patients who 


had a single graft compared with those who had 
two or more. Moreover, patients with one or 
more grafts on the circumflex coronary artery 
had a higher CK-MB peak than those patients 
receiving grafts to the left anterior descending 
coronary artery or its branches. 

NONSIGNIFICANT RESULTS. The following 
variables were not found to have a significant 
effect on the production of myocardial injury: 
preoperative electrocardiographic pattern of 
ischemia, positive exercise treadmill testing at 
low energy output, anginal threshold corre- 
sponding to a low rate-pressure product, occur- 
rence of perioperative hypertensive episodes, 
duration of reperfusion between aortic cross- 
clamp periods, and graft flow rates above and 
below 40 ml per minute (Table 4). 
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Table 3. Effect of the Number of Bypass Grafts and the Site of the Graft on Myocardial Injury 
NENNMEMMEINC—V——P"-—-—-——"———Á——v————— 


No. of 
Bypass Grafts 
Patients and 


No. of 


Bypass Grafts Site of Graft 


Time of Myo- LAD, Diag Cx, Marg 
cardial Injury 1 2 or more 1 and 2 3 or more Others Others 
No. of patients 10 94 51 53 34 9 
Perioperative 3.9 8.9 5.9 10.8 6.7 9.8 
myocardial injury p = 0.002 p — 0.001 NS 
(O, CK-gm-Eq) 
Intraoperative 79.2 189 136.9 218.4 134.5 208.3 
myocardial injury p = 0.003 p = 0.001 p = 0.04 
(peak, IU/L) 





LAD = left anterior descending coronary artery; Cx = circumflex coronary artery; Diag = diagonal branch; Marg = marginal 


branch; other abbreviations same as for Table 1. 


Comment 
Following experimental occlusion of coronary 
arteries, good correlations have been found 
between the anatomical size of the resulting 
infarct and that estimated by CK-MB mea- 
surements [21]. Similar findings have been de- 
scribed at postmorten examination following 
myocardial infarction in man [20]. The relation- 
ship of CK-MB and its isoenzyme to clinical 
outcome [22, 24], hemodynamic state [2, 14], 
angiographic findings [20], and estimated ex- 
tent of the myocardial necrosis is further 
evidence of the reliability of this method of 
measurement of myocardial injury. Thus, the ap- 
plication of this method to explore myocardial 
damage inherent in coronary artery operations 
seems justifiable [8]. However, the weak point 
of a similar extrapolation in surgical patients 
stems from the wide variations in plasma vol- 
ume that take place during the perioperative 
period. These variations can arise from modifi- 
cation of the vascular contents such as hemo- 
dilution, transfusion, use of blood substi- 
tutes, and the administration of diuretics, or 
they can be secondary to changes in the va- 
somotor tone. CK is found exclusively in the 
plasma compartment following its absorption 
from the lymphatic system. Thus, any modi- 
fication of the plasma volume could lead to 
important changes in the concentration of this 
enzyme. 

The effects of cardiopulmonary bypass on en- 
zyme clearance by the reticuloendothelial sys- 
tem are unknown at the present time. Because 


of the limited number of samples taken during 
the first 12 hours following operation, it is not 
possible from the present study to define a re- 
lationship between the liberation of CK and the 
different surgical events, in particular the time 
of aortic unclamping. 

In spite of these criticisms, it seems justified 
to extract certain information from each of the 
variables analyzed in this study. Approxi- 
mately 3 hours following conclusion of the sur- 
gical intervention [8], the peak of the CK-MB 
curve appears to represent the intensity of the 
intraoperative myocardial trauma but does not 
provide evidence for or against the occurrence 
of a perioperative infarction. Thus, an overly 
high peak is not synonymous with infarction 
but merely indicates an important degree of 
intraoperative myocardial trauma. The quantity 
Q, which has been associated with total myo- 
cardial injury, reflects the global sum of all 
CK-MB released during the perioperative pe- 
riod irrespective of the mechanism of enzyme 
release. The determination of the individual Kd 
used in the calculation of Q has come under 
some valuable criticism [23]. Nevertheless, 
using the quantity Q or the area of the curve 
without consideration for the value of Kd 
yielded comparable results. 

Intraoperative myocardial injury was found 
to have occurred in all of our patients. There- 
fore, knowledge of the mean value for the 
population studied (or for the subgroup of pa- 
tients without perioperative myocardial infarc- 
fion) may be helpful in judging the improve- 
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Table 4. Factors without a Significant Effect on Production of Myocardial Injury 
Sh i ee ae ee a 


Metabolic 
Preoperative Equivalents 
. Ischemic ECG g (O, consumption) 
Patients and Changes Exercise Testing (ave, 5 mets) 
Time of Myo- 
cardial Injury Yes No T = <5 >5 
ee a a ee a ee NR 
No. of patients 37 44a 45 15 23 25 
Perioperative 6.9 8.6 8.6 11.1 11.9 8.5 
myocardial injury NS NS NS 
(Q, CK-gm-Eq) 
Intraoperative 159.5 172.8 194.6 196.5 182.8 241.9 
myocardial injury NS NS NS 


(peak, IU/L) 





aExcluded Q waves. 


ECG = electrocardiographic; other abbreviations same as for Table 1. 


ment of techniques for myocardial protection in 
coronary artery grafting. 

In the present study, analysis of the factors 
responsible for myocardial injury showed that 
certain variables played little role. However, 
their involvement in the perioperative trauma 
could not be excluded. Patients who display an 
ischemic pattern on preoperative electrocardio- 
gram or who have a positive exercise treadmill 
test at low energy output or an abnormally low 
rate-pressure product [7, 19] appear more sus- 
ceptible to intraoperative myocardial injury. 

Hypertensive episodes secondary to hyperse- 
cretion of catecholamines or activation of the 
renin-angiotensin system are particularly fre- 
quent in coronary artery operations [18]. In- 
creases in afterload and in myocardial contrac- 
tility secondary to adrenergic stimulation may 
create imbalance in the oxygen supply and de- 
mand ratio, leading to ischemia in more vul- 
nerable areas such as the subendocardium. 
Prompt treatment of these episodes by infusion 
of nitroprusside or by nitroglycerin certainly 
aided in masking their effects in this study. Re- 
perfusion between two periods of aortic 
clamping during at least half of the clamping 
time was used to repay suspected oxygen debt 
in this series. Rigid adherence to this principle 
did not permit the finding of a significant effect 
of the length of reperfusion [10] on the release 
of CK-MB. A recent study has shown that such 
a reperfusion can eliminate electrical signs of 
ischemia after cross-clamping [9]. No signifi- 


cant difference was found in the myocardial 
injury following bypass grafting with graft 
flows greater than or less than 40 ml per minute. 
This suggests that, in certain instances, the 
changes in the myocardium occurred before the 
anastomosis became functional and that a good 
graft flow is not necessarily synonymous with 
myocardial integrity. Documentation of myo- 
cardial infarction within the territory of patent 
grafts [1, 5] reinforces this hypothesis. 

When there is preexisting arterial hyperten- 
sion, the extremely high CK-MB peak may be 
the result of left ventricular,hypertrophy plus 
ventricular fibrillation, an association which is 
known to further jeopardize the subendocardial 
perfusion [12]. Several studies have shown the 
protective effect of propranolol on the myocar- 
dium during periods of ischemia [13, 17]. Pro- 
pranolol may also counteract the secondary ef- 
fects due to the release of catecholamines in the 
perioperative period [3]. This may explain the 
differences in the peak CK-MB values noted in 
this study with the various types of antiangina 
medical treatment employed in the preopera- 
tive period. No difference was noted between a 
sudden stoppage of propranolol before opera- 
tion or its continuation to the time of operation. 

In the presence of moderate or critical ex- 
perimental corohary stenoses, either cardio- 
pulmonary bypass or induction of ventricular 
fibrillation alone may account for some isch- 
emic phenomena [6, 11]. Thus, the greater vul- 
nerability of the myocardium noted in the 
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Table 4. Continued 


Rate Pressure 


Product Perioperative 
(ave, 22 x 10°) Hypertension 
<22 >22 Yes No 
24 24 41 63 
10.8 8.6 8.5 7.4 
NS NS 
217.6 195.8 178.4 166.1 
NS NS 


presence of stenoses greater than 80% or multi- 
ple stenoses greater than 50% represents the 
clinical counterpart of this phenomenon. In- 
creased myocardial injury in relation to the du- 
ration of cardiopulmonary bypass was also 
demonstrated. This may result from the abnor- 
mal tissue perfusion inherent to the nonpul- 
satile flow during cardiopulmonary bypass and 
to hemodilution and hypothermia. Further- 
more, during hypothermia, the maintenance in 
a normal physiological state of certain variables 
such as blood pH may not be desirable. A cer- 
tain degree of alkalosis seems preferable under 
these conditions [15]. 

The influence of the number and duration of 
aortic cross-clamps on myocardial injury is 
logical. A few seconds following aortic cross- 
clamping, the oxygen store at the tissue level is 
depleted. This triggers the immediate onset of 
anaerobic metabolism with its undesirable ef- 
fects. 

The increase in myocardial injury with re- 
spect to the length of cardiopulmonary bypass 
following the last aortic clamping may stem 
from extended reperfusion of a fibrillating 
heart. 

The number of arteries bypassed enters the 
statistically significant list of variables through 
the necessarily greater frequency or duration of 
aortic cross-clampings. Maneuvers necessary 
for proper exposition of the circumflex coronary 


-artery and the malfunction of venting mech- 


anisms under these circumstances may cause 
a net increase in myocardial injury. 


Graft Flow 
Short Reperfusion (ml/min) 
Yes No <40 >40 
38 66 32 72 
9.7 7.6 9.9 Z7 
NS NS 
201.1 165.4 195.6 170.8 
NS NS 
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Bradykinin, Plasma Protein Fraction, and Hypotension 


Norig Ellison, M.D., Marjam Behar, Ph.D., Horace MacVaugh III, M.D., 


and Bryan E. Marshall, M.D. 


ABSTRACT A directive from the Food and Drug 
Administration indicates that the use of plasma 
protein fraction (PPF) is contraindicated during car- 
diopulmonary bypass because of possible hypoten- 
sion. Bradykinin has been implicated as the cause of 
this hypotension. 

Bradykinin levels were measured by radioim- 
munoassay in PPF and in 596 albumin and were 
found to be consistently elevated in the former and 
occasionally in the latter. The addition of PPF to 
pump primes resulted in significantly elevated levels 
of bradykinin, which rapidly cleared, indicating that 
extrapulmonary sites of bradykinin inactivation 
were efficient. The potential hypotensive effect of 
PPF.was observed by determining the change in 
mean perfusion pressure in two groups of patients: 
one group with a 3,000 ml crystalloid prime and the 
other with a prime of 2,000 ml of crystalloid and 
1,000 ml of PPF. There was no significant difference 
in the perfusion pressure between the two groups at 
any point, and the hypotensive effects seen in both 
groups were readily treated, suggesting that the di- 
rective against the use of PPF during cardiopulmo- 
nary bypass may be unnecessarily restrictive. 


Stable plasma protein solution gained ac- 
ceptance as a volume expander and "antishock 
agent" because it was sterile and apparently 
free from reaction [3]. Heat treatment at 60°C for 
10 hours eliminated the chances of transmission 
of hepatitis and made this preparation, known 
in the United States as plasma protein fraction 
(PPE), particularly popular. Practical consider- 
ations, including one less step of fractionation 
and a higher yield of protein, have made PPF 
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more attractive to manufacturers than albumin 
[7]. 

In the early 1970s, two groups of investigators 
working independently published preliminary 
[4, 8] and final [5, 18] papers describing a 
hypotensive effect in patients with heart dis- 
ease before and during cardiopulmonary by-: 
pass and in patients without cardiovascular 
impairment. Izaka and colleagues [10] demon- 
strated that PPF produced hypotension in dogs 
and stimulated isolated rat uterine muscle in a 
manner similar to bradykinin at a concentration 
of 25 to 125 ng per milliliter. A year later, they 
[9] reported that treatment of human plasma 
with heat or human urinary kallikrein produced 
a product with a similar effect on the rat uterus 
muscle preparation. This hypotensive effect ul- 
timately led to a directive from the Food and 
Drug Administration that the use of PPF was 
contraindicated during cardiopulmonary by- 
pass [1]. 

Since the lung, which previously had been 
reported to be a principal site of bradykinin in- 
activation [17], is excluded from the circulation 
during cardiopulmonary bypass, extraordinary 
circulating bradykinin levels might be antici- 
pated during bypass when PPF is part of the 
priming solution for the pump. For these rea- 
sons we elected to study two groups: in one, a 
pump-prime solution consisting of 2,000 ml of 
balanced salt solution and 1,000 ml of PPF was 
used and in the other, 3,000 ml of balanced salt 
solution. We measured (1) bradykinin levels in 
the pump prime and in lots of PPF and 5% al- 
bumin, (2) the rate of changes in bradykinin 
levels in the blood-pump prime mixture during 
the first 30 minutes of bypass, and (3) perfusion 
pressures. The protocol for this study was ap- 
proved by the University of Pennsylvania 
Committee on Human Experimentation. 


Material and Methods 
Two grotips of patients, comparable in age and 
size, were randomly assigned to the treatment 
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or control group. Five-milliliter samples were 
obtained from the arterial line of the patients 
and from the prime solutions prior to bypass. 
Samples were obtained from the venous and 
arterial lines of the oxygenator at 1 and 30 min- 
utes on bypass. Mean perfusion pressure was 
measured continuously, and treatment by vari- 
ation in pump flow or administration of vaso- 
pressors was carried out when it was deemed 
appropriate. 

The heart-lung machine included a dispos- 
able bubble oxygenator with a double-roller 
pump. The prime solution consisted of 2,000 ml 
of saline solution and 1,000 ml of PPF in the 
treatment group and 3,000 ml of balanced salt 
solution in the control group. 

Blood bradykinin levels were measured by a 
combination of the method of Mashford and 
Roberts [13] for the extraction of bradykinin 
from blood and the method of Odya and as- 
sociates [15] for the radioimmunoassay of the 
extracted material. In laboratory tests, recovery 
of known amounts of bradykinin added to 
blood averaged 90 to 95%. Five milliliters of 
blood was collected through a siliconized Tef- 
lon catheter into a chilled disposable plastic 
syringe containing 0.05 ml of 0.5 M 1,10- 
phenanthroline hydrochloric acid (HCI) in 20% 
ethanol. Blood was withdrawn in less than 5 
seconds and immediately added to preweighed 
siliconized polyethylene tubes containing 20 ml 
of 9696 ethanol at room temperature. Phenan- 
throline was added to minimize the action of 
kininase in blood in the short period before in- 
activation by ethanol. 

After centrifugation and reextraction with 20 
ml of 7596 ethanol, the combined supernatants, 
with 0.50 ml of octanol added, were evaporated 
by a Rotary Evapomix evaporator to 2 ml at 40°C 
under reduced pressure. The residual solution 
was acidified with 5 ml of 0.01 M HCl and frac- 
tionated twice with 20 ml of diethyl ether. The 
residual phase remaining in the flask after the 
ether extraction was subsequently reduced to 
dryness using the rotary evaporator. The dried 
samples were stored at —20° prior to assay. For 
the radioimmunoassay, the samples were re- 
constituted in 2.0 ml of incubation buffer, 
which consists of sodium phosphate, 0.01 M 
and pH 7.0; 1,10 phenanthroline, 0.03 M; and 


casein, 0.01%. The incubation mixture con- 
tained 0.2 ml of a dilution of radioactive iodine 
125-labeled tyrosine 8 bradykinin (yielding 
10,000 counts per minute of radioactivity), 0.1 
ml of rabbit bradykinin antiserum diluted so 
that it would bind 3396 of the labeled bradyki- 
nin, and 0.2 ml of buffer containing standard or 
unknown in the range of 0.05 to 10 ng. 
Half-saturated ammonium sulfate was used 
to separate free from labeled polypeptide. 
Normal rabbit serum (0.1 ml) was added as car- 
rier to each tube at the end of overnight incu- 
bation, and an equal volume (0.6 ml) of satu- 
rated ammonium sulfate brought to pH 7.4 with 
concentrated sodium hydroxide was added to 
precipitate the globulins. The tubes were agi- 
tated, incubated for 2 hours at 4°C, and centri- 
fuged for 20 minutes at 1,000 g in a refrigerated 
centrifuge. Supernatants were then aspirated 
and discarded. The pellets were washed by 
resuspending them in 3 ml of half-saturated 
ammonium sulfate. The centrifugation and as- 
piration steps were repeated and the precipi- 
tates counted. in a well-type gamma counter. 
Statistical significance of the observed dif- 
ference was examined using Student's f test. 


Results 

Table 1 lists the bradykinin levels obtained be- 
fore and at 1 and 30 minutes on bypass. The 
]-minute venous and arterial samples in the 
treatment group were the only ones to show a 
statistically significant change from the control 
values. To demonstrate that blood was capable 
of forming bradykinin, a second sample ob- 
tained at 30 minutes was exposed to glass beads 
for 15 minutes before the addition of 2096 
ethanol, and significant increases in bradykinin 
were observed. 

Bradykinin levels in six lots of PPF and six 
lots of 596 albumin from one manufacturer 
were measured (Table 2). Large quantities of 
bradykinin were consistently detected in PPF 
but there was wide variability in the absolute 
amount in a given lot. In addition, one of six 
5% albumin lots had an increased concentra- 
tion of bradykinin. However, this value was 
less than the smallest bradykinin concentration 
in the PPF lots. 

Table 3 shows mean perfusion pressures 1 
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Table 1. Bradykinin Levels in Patients with a Prime Solution 
Containing Saline Solution or Saline Solution and PPF 


EBENEN NN EM Lii 


Prime 
Group Sample (ng/ml) 
Control Mean 0.08° 
group (n = 5) Arterial SE 0.03 
V Mean 
enous SE 
Treatment ; Mean 31.7 
group (n — 10) Arterial SE 3.1 


Mean 
Venous SE 





Pre- Minutes on Bypass (ng/ml) 
Bypass 
(ng/ml) One Thirty Thirty Plus? 
0.06 0.28 0.13 2.47* 
0.02 0.11 0.07 0.72 
0.28 0.08 2.70* 
ie 0.18 0.08 0.57 
0.05 4.70* 0.08 8.60* 
0.02 0.6 0.05 2.50 
1.70* 0.11 92 
0.70 0.06 21 


aGlass beads were added to the blood for 15 minutes prior to the addition of phenanthroline, which inactivated kininase. 
This was done to demonstrate that the blood was capable of forming bradykinin. 


"Value based on three samples. 
*Differs from prebypass value at 0.05 level. 


PPF = plasma protein fraction; SE = standard error. 


Table 2. Bradykinin Levels in Six Lots 
of 5% Albumin and Six Lots of PPF 


596 PPF 5% Albumin 
(ng/ml) (ng/ml) 
88 0.10 
94 0.04 
80 0.18 
72 0.28 
32 24.00 
Mean 73.2 -4.92 
SE 10.9 4.77 


PPF = plasma protein fraction; SE = standard error. 


minute before and at 1 and 5 minutes on 
bypass. There were no significant differences in 
the pressures between the two groups at any 
point. However, 5 of 10 patients in the group 
with PPF and 3 of 5 patients in the group with 
saline solution received phenylephrine; and in 
5 of 10 patients with PPF and 2 of 5 with only 
saline solution, pump flow was increased to 
raise low perfusion pressures. 


Comment - 

We originally hypothesized a progressive rise 
in bradykinin levels during cardiopulmonary 
bypass when the lungs, a principal site of 
bradykinin inactivation under normal circum- 
stances, are removed from the circulation 


[17]. However, we demonstrated the following: 
(1) bradykinin is present in large quantities of 
some PPF batches; (2) cardiopulmonary bypass 
oxygenators contain increased  bradykinin 
when primed with PPF but not when primed 
with saline solution; (3) significant increases in 
circulating bradykinin occur only when the 
prime solutions contain bradykinin; and (4) 
even these increases in the plasma levels 
rapidly decrease when the lung is excluded 
from the circulation. We conclude that while 
circulating bradykinin may be principally 
cleared by the lungs in normal circumstances, 
the circulating bradykinin must also be inacti- 
vated by other mechanisms that probably re- 
side in the plasma [6]. Clearly, the pulmonary 
circulation is not essential for the elimination 
of bradykinin. 

Nagaoka and Katori [14] obtained results that 
are at variance with ours. They demonstrated a 
progressive rise in the level of bradykinin with 
a concomitant decrease in the level of kinino- 
gen. They concluded that the site of bradykinin 
activation seems to be the heart-lung machine 
since the level of bradykinin was slightly higher 
in blood leaving the heart-lung machine than in 
the blood entering the machine. Although we 
are unable to explain this difference between 
results, the rapid dissipation of the hypotensive 
effect noted following the infusion of PPF dur- 


ing bypass argues against a prolonged action of 
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Table 3. Mean Blood Pressure during Initiation of Bypass in Patients with 
Prime Solutions Containing Satine Solution or Saline Solution and PPF 





One Minute 
before Bypass 
Group (mm Hg) 
Control Mean 76.0 
(n = 5) SE 8.0 
Treatment Mean 83.4? 
(n = 10) SE 12.5 


One Minute Five Minutes 
on Bypass on Bypass 
(mm Hg) (mm Hg) 
46.2 63.1 

4.0 3.7 
54.6? 77.1* 

4.4 5.6 





"No significant difference by nonpaired two-tailed ! test from the value in the group with saline solution measured at the 


same time. 
PPF = plasma protein fraction; SE = standard error. 


bradykinin, which has a half-life of 18 to 24 
seconds [5, 6]. The fact that they used a rat 
uterus bioassay of bradykinin level may in part 
explain the differences. Their perfusion tech- 
nique was similar to ours except that they 
routinely added bicarbonate, chlorpromazine, 
mannitol, and blood to the pump. No patients 
in either of our groups received homologous 
blood products during the 30-minute study pe- 
riod. | 

Bland and co-workers [5] pointed out that 
while the use of 5% albumin and 5% plasma 
protein solutions in the treatment of hypopro- 
teinemia and hypovolemia are well accepted, 
the use of a potentially hypotensive agent in the 
treatment of shock may have disastrous conse- 
quences. They noted that if hypotension persists, 
it could be attributed to the precipitating cause 
or inadequate treatment rather than to a direct 
effect of therapy itself. At their institution after 
the syndrome was identified, more cases were 
quickly recognized, thereby demonstrating 
once again that when an adverse reaction is de- 
fined, its apparent incidence often increases 
rapidly. 

While the possibility that bradykinin may be 
the cause of this hypotension had been sug- 
gested previously [12], Izaka and associates [10] 
demonstrated, using a bioassay, that a factor pres- 
ent in PPF, but not present in normal human 
plasma, and present in normal human plasma 
after treatment with heat or human urinary kal- 
likrein resembied bradykinin. Earlier MacKay 
and co-workers [12] reported that human an- 
tihemophilic globulin contained a kininogen 
that formed bradykinin when plasminogen was 


activated. More recently, Kaye [11] reported a 
34% fall in arterial pressure during cardiopul- 
monary bypass with the injection of 25 ml of 
fresh lypholized plasma, and a return to the 
value measured before injection within 5 min- 
utes. He pointed out that while the hypotensive 
effect is quite transient, bradykinin has been 
shown to have a half-life in the circulation of 
less than 24 seconds. This may indicate that 
these solutions contain a more stable enzyme 
precursor such as kallikrein, which has a half- 
life of 3 minutes and is not destroyed by the 
lungs. 

The demonstrated decrease of arterial pres- 
sure during bypass, reported from several in- 
stitutions, indicates that the hypotensive effect 
is a result of vasodilation rather than an adverse 
effect on the heart [2, 5, 8]. In fact, Torda and 
colleagues [18] demonstrated an increase in 
cardiac output together with a fall in peripheral 
resistance and blood pressure in patients not on 
bypass. 

In our studies, during bypass with increased 
circulating levels of bradykinin, decreases in 
blood pressure were readily eliminated by 
either increasing peripheral vascular resistance 
with phenylephrine or by increasing pump 
flow. Disastrous hypotension does not seem 
likely and such a possibility should not consti- 
tute an absolute contraindication to the use of 
PPF if some other advantages are obtained 
thereby. In response to the fear of brady- 
kinin-induced hypotension from PPF and a di- 
rective from the Food and Drug Administra- 
tion, one manufacturer developed a product 
that had a bradykinin content similar to the 
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levels in normal plasma, consistently less than 2 
ng per milliliter. However, this product was as- 
sociated with even more profound hypoten- 
sion, which some investigators [2] suggested 
was due to increased levels of prekallikrein- 
activator acting as a biological amplifier con- 
verting endogenous kininogen to bradykinin in 
even higher levels than was seen following the 
administration of exogenous bradykinin in 
other batches of PPF. Pisano [16] suggested that 
the amount of kinin that can be generated from 
the patient's own kininogen versus that which 
can be administered in PPF is a difference of 
milligrams versus nanograms. 


Conclusion 

Circulating levels of endogenous bradykinin 
are not increased during cardiopulmonary by- 
pass and extrapulmonary sites are efficient in 
eliminating exogenous bradykinin added to the 
system during cardiopulmonary bypass. In- 
creased levels of bradykinin are consistently 
present in PPF and occasionally increased levels 
may occur in 596 albumin. The hypotension 
that can result from the use of solutions con- 
taining increased levels of bradykinin during 
cardiopulmonary bypass does not present a 
problem clinically. Therefore, the present advi- 
sory against the use of PPF during cardio- 
pulmonary bypass seems unnecessarily restric- 
tive. Increased awareness of the potential for 
hypotension following administration of PPF 
should prevent the occurrence of cases in which 
persistent hypotension following the adminis- 
tration of PPF is interpreted as a need for addi- 
tional volume. 
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Noncardiogenic Pulmonary 


Edema 


and Peripheral Vascular Collapse Following 
Cardiopulmonary Bypass: Rare Protamine Reaction? - 


Gordon N. Olinger, M.D., Ronald M. Becker, M.D., and Lawrence I. Bonchek, M.D. 


ABSTRACT Four instances of severe anaphylac- 
toid reaction occurring subsequent to cardiopul- 
monary bypass are described. These catastrophic 
reactions, from which 2 patients died, took place ap- 
proximately an hour following administration of 
protamine and were characterized by marked pe- 
ripheral vasodilatation, loss of capillary membrane 
integrity, and fulminant noncardiogenic pulmonary 
edema. Primary cardiac depression was not evident. 
We hypothesize that protamine was the causative 
agent in these unusually severe reactions. Differen- 
tial diagnosis from other causes of acute cardiore- 
spiratory dysfunction depended on early assessment 
of pulmonary artery and left ventricular filling pres- 
sures, cardiac output, respiratory mechanics, and 
arterial blood gases. Therapy was difficult; success 
in 1 of the patients seemed to have been effected in 
part by prompt administration of high-dose cortico- 
steroids and maintenance of peripheral vascular tone 
with an alpha-adrenergic agonist. 


We recently encountered three instances of se- 
vere anaphylactoid reaction occurring shortly 


after the administration of protamine following 
cardiopulmonary bypass. They consisted prin- 
cipally of marked vasodilatation, interstitial 
sequestration of plasma volume, and massive, 
noncardiogenic, proteinaceous pulmonary 
edema. A fourth example from 1969 has also 
come to our attention. Two patients died 
rapidly of combined cardiovascular collapse 
and pulmonary insufficiency. The third sur- 
vived after prolonged treatment of respiratory 
distress syndrome and the fourth, after pro- 
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longed intraoperative cardiopulmonary resus- 

citation. The precise cause of these incidents 

has not been identified, but the fact that they all 

occurred within 1 hour after the administration- 
of protamine suggests this drug may be impli- 

cated. 


Case Reports 

Patient 1 

A 65-year-old man, weighing 72 kg and with a 
good record of health, underwent uneventful 
coronary artery bypass at the Milwaukee 
County Medical Complex on February 6, 1978. 
Following decannulation, heparin was reversed 
over five minutes with protamine sulfate, 1.5 
mg per 1 mg of initial heparin dose (3 mg per 
kilogram of body weight). Anticoagulation as 
well as neutralization were monitored with the 
activated clotting time. 

Forty-five minutes after administration of 
protamine, the patient became suddenly 
hypotensive, and, concomitantly, pink frothy 
fluid spewed from the endotracheal tube. Direct 
left atrial pressure (LAP) was 7 mm Hg. Massive 
colloidal infusion failed to reestablish systemic 
pressure or to raise LAP. Dopamine (2 ug per 
kilogram per minute) resulted in immediate 
ventricular irritability and fibrillation. Defi- 
brillation, administration of phenylephrine, 
reheparinization (anticipating renewal of car- 
diopulmonary bypass), and further volume ex- 
pansion with colloid from the oxygenator reser- 
voir resulted in temporary stability. 

Protamine was given again, but extensive 
oozing within the mediastinum ensued. 
Hypoxia increased despite positive end- 
expiratory pressure (PEEP), high inspiratory 
pressures (up to 60 cm H,O), and an inspired 
oxygen fraction (FrO2) of 1.0, and cardiac per- 
formance deteriorated. The patient was given 
high-dose steroids and put back on cardiopul- 
monary bypass, and an intraaortic balloon was 
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inserted. He was finally weaned from bypass 
on the balloon with massive support of 
phenylephrine and dopamine and with arterial 
pressures of 75 to 90 mm Hg at LAPs of 18 to 19 
mg. The heart and all other visible body tissues 
were grossly edematous. Respiratory insuffi- 
ciency with persistent pulmonary edema, pro- 
gressive cardiac failure, and continued bleed- 
ing marked his course until he died of 
ventricular fibrillation 8 hours later. No spe- 
cific cause of this reaction could be identified. 


Patient 2 

A 65-year-old man, weighing 100 kg and in 
good health in general, underwent single coro- 
nary artery bypass and porcine heterograft aor- 
tic valve replacement for calcific aortic stenosis 
on February 9, 1978. After he was weaned from 
cardiopulmonary bypass, LAP was 9 mm Hg, 
systemic pressure was 110 to 130 mm Hg, and 
cardiac output was 7.5 liters per minute (by 
electromagnetic aortic flow probe). 

One hour after the administration of pro- 
tamine (dosage similar to Patient 1), sudden 
hypotension and fulminant proteinaceous pul- 
monary edema occurred concomitantly ata LAP 
of 5 mm Hg and a cardiac output of 10 liters 
per minute. Solu-Medrol (methyl prednisolone 
sodium succinate), 500 mg administered intra- 
venously, and phenylephrine, given as an infu- 
sion, were begun, and large volumes of colloi- 
dal solution were given to maintain systemic 
pressure. Respiration was supported with F10, 
of 1.0 and PEEP at 15 cm H:O. Further bleeding 
did not occur. Eight hours later the patient re- 
mained supported on up to 4 mg per minute of 
phenylephrine, administered intravenously. 
Cardiac output was 4 liters per minute, sys- 
temic pressure was around 90 mm Hg, and LAP 
was 10 to 15 mm Hg. Pulmonary artery pressure 
was elevated with the diastolic component 15 to 
20 mm Hg greater than LAP. Dopamine, used 
for less than two minutes in the operating room 
but stopped at that time because of ventricular 
irritability, was begun again, increasing cardiac 
output to 5 liters per minute. Massive steroid 
therapy was continued, and diphenhydramine, 
100 mg every 8 hours for three doses, was 
added empirically for antihistaminic effect. 
During the 24 hours subsequent to opera- 
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tion, 5 liters of colloidal solution in excess of 
chest tube loss were required to maintain effec- 
tive vascular volume. After several days of 
aggressive pulmonary care for respiratory dis- 
tress syndrome, his lungs cleared, and he 
was finally discharged three weeks postopera- 
tively. 


These 2 patients were seen with virtually 
identical syndromes in one week on one cardiac 
surgery service. A third, intervening operation 
on February 8, 1978, was uncomplicated. After 
the second incident, procedures requiring car- 
diopulmonary bypass were temporarily halted, 
and because of concern about endotoxin reac- 
tion from exogenous sources during operation, 
all lots of disposable perfusion equipment, 
intravenous solution, and pharmaceuticals 
used during cardiac operation were screened 
and replaced. There was intensive review of 
drug usage in our community in which many 
hundred cardiac procedures are performed 
yearly, and no similar incidents were discov- 
ered. Blood product reactions, specifically 
against the acute and convalescent sera of Pa- 
tient 2, could not be identified by the Mil- 
waukee Blood Center. 

We were particularly suspicious that pro- 
tamine sulfate might have been instrumental in 
triggering these reactions., Lot No. OHJ16A of 
Lily protamine sulfate was quarantined, and 
an aliquot forwarded to the Lilly Research Lab- 
oratory for analysis of toxicity and breakdown 
products. The laboratory reported this lot of 
protamine sulfate to be free from toxic prod- 
ucts.* To identify any immulogical reaction to 
protamine, the serum of Patient 2 was analyzed 
for abnormal immunoglobulin concentrations, 
and protamine skin tests were applied for im- 
mediate and delayed hypersensitivity. These 
tests were unremarkable. It is of note that this 
patient ultimately required a second valve re- 
placement in May, 1978, because of aspergillus 
prosthetic valve endocarditis. At that time there 
was no problem similar to the one previously 
encountered, although, through 1978, he and all 
other patients subsequently undergoing car- 
diopulmonary bypass in this hospital were 


*Levine LR: Personal communication, 1978. 
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treated prophylactically with Solu-Medrol be- 
fore cardiopulmonary bypass. There have been 
no further reactions. 

Although we had been unable to establish a 
cause, we remained cautiously optimistic that 
these two complications were isolated events. 
However, informal discussion with several 
colleagues brought to our attention that two 
similar incidents had occurred previously at 
another institution (Albert Einstein College of 
Medicine), one in 1977 and the other in 1969. 


Patient 3 

A 58-year-old man with a history of good health 
underwent uneventful coronary artery bypass 
on September 20, 1977. After cessation of car- 
diopulmonary bypass with normal hemodyna- 
mics (LAP, 8 mm Hg; cardiac output, 4.4 liters 
per minute), and reversal of heparin with 
Upjohn protamine sulfate (200 mg moni- 
tored by activated clotting time), sudden and 
marked vasodilatation was encountered con- 
comitant with fulminant, proteinaceous pul- 
monary edema. The LAP was 2 to 3 mm Hg. 


Large volumes of colloidal solution were given, | 
and dopamine was begun, but intraaortic bal- . 
loon assist was also needed to acquire 


hemodynamic stability. Bleeding was not a 
problem. The patient was returned to the inten- 
sive care unit with systemic pressures around 
90 mm Hg and LAP of 5 to 10 mm Hg. He con- 
tinued to require massive colloidal replacement 
to maintain even these low ventricular filling 
pressures. Despite aggressive respiratory care 
(FIO, of 1.0, PEEP, and almost continuous 
tracheal suctioning), oxygenation deteriorated 
and the patient died 6 hours later of ventricular 
fibrillation. | 


Patient 4 

A 50-year-old man underwent uneventful 
mitral valve replacement and tricuspid annulo- 
plasty in May, 1969, for complications of en- 
docarditis. He was weaned from cardiopulmo- 
nary bypass without difficulty and remained 
stable until skin closure. At that time, massive 
quantities of plasmalike fluid began pouring 
from the endotracheal tube. Despite FrO; of 1.0, 
he became hypoxic and hypercarbic, agd car- 
diac function deteriorated. Administration of 


isoproterenol was begun, the chest was re- 
opened, and cardiac massage was performed. 
After nearly an hour of cardiac resuscitation, 
cardiac function improved but pulmonary 
edema persisted for several more hours before 
gradually abating. LAP never rose above 15 mm 
Hg. The patient’s course thereafter was unre- 
markable. 


Comment 

The initial courses of these 4 patients were re- 
markably similar. Following uneventful cardiac 
operations employing cardiopulmonary bypass 
and after reversal of heparin with protamine, a 
catastrophic circulatory complication occurred 
without warning and in the setting of normal 
directly measured hemodynamic variables. The 
onset of reaction was delayed approximately an 
hour after administration of protamine and the 
consequences persisted many hours thereafter. 
The principal physiological derangements ap- 
peared to be peripheral vasodilatation and loss 
of capillary membrane integrity, with the lung 
being the most visible and, from a survival 
standpoint, the most vital target organ. Fulmi- 
nant, refractory pulmonary edema occurred at 
low LAPs. Eight hours postoperatively, endo- 


„tracheal fluid was still present in Patient 2 de- 


spite PEEP of 15 cm H;O. The generalized extent 
of increased vascular permeability was evi- 
denced by anasarca in Patient 1 and the massive 
colloidal infusions required in all patients to 
maintain minimally effective circulating blood 
volume. .Cardiac deterioration was not a pri- 
rary event since LAPs were universally low 
and in Patient 2, high cardiac output was doc- 
umented during the early minutes of the reac- 


tion, well after hypotension and pulmonary 


edema occurred. Ultimately, all 4 patients man- 
ifested some degree of cardiac decompensation 
as hypoxia and hypotension progressed, and 
vasopressors were used to support systemic 
pressure. Cardiac irritability, however, was 
notable both early and late. In Patients 1 and 2, 
ventricular irritability to an exogenous cate- 
cholamine (dopamine) was striking, and ulti- 
mately both Patients 1 and 3 died of ventricular 
fibrillation. Pulmonary arterial hypertension, 
systolic and, more notably, diastolic, in Patient 
2 was documented to persist up to 8 hours fol- 
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lowing onset of pulmonary edema. This vari- 
able was not measured in the other patients. 

Therapy was frustratingly difficult. Mainte- 
nance of effective blood volume necessitated 
continuous infusion of blood, fresh-frozen 
plasma, and 596 albumin. Effective respiratory 
gas exchange was impossible in the 2 patients 
who died and was marginal for many hours in 
the 2 survivors, despite the most aggressive 
tracheobronchial toilet, high FrO,, PEEP, and 
maximal airway pressures. Pharmacological 
support of systemic blood pressure with beta 
agonists was limited in 2 patients by cardiac 
irritability; in these patients the most effica- 
cious drug seemed to be phenylephrine, a pure 
alpha-adrenergic agonist. Steroid and antihis- 
taminic therapy was not applied systematically, 
although we believe the outcome in Patient 2 
may have been benefited by early use of Solu- 
Medrol in a high dose and perhaps also by the 
diphenhydramine given later. 

The issue raised by these incidents relates 
both to cause and to pathogenesis. The vascular 
end-organ response of increased capillary per- 
meability, with or without pulmonary edema 
and pulmonary hypertension, has been re- 
ported to result from a variety of causes well 
documented in the literature. These include 
drug reaction, endotoxin shock, allergic ana- 
phylaxis, and nonimmunological reactions me- 
diated by complement or histamine [1, 7, 9, 
10]. Wie "ag 

In our patients, blood incompatibility was 
categorically eliminated as a possible cause. 
Endotoxin reaction, while it may bear close 
resemblance to the syndrome we observed (va- 
sodilatation, pulmonary edema, so-called third- 
space sequestration, pulmonary arterial hyper- 
tension), requires a vector to bring exogenous 
endotoxin to the patient. The lack of similar 
reactions concurrently in patients in other clini- 
cal settings in our own hospital and other cen- 
ters would seem evidence enough to eliminate 
endotoxin reaction from drugs or intravenous 


| fluids as a serious consideration. It cannot be 


ruled out conclusively, however. 

We think the most probable causative factor 
was protamine, a polycationic polypeptide rec- 
ognized to be associated commonly with respi- 
ratory and cardiovascular side-effects [2—4]. 


In addition, anaphylactic (immune) and ana- 
phylactoid (nonimmune) reactions have been 
documented in man. Anaphylaxis to a recur- 
rent dose of protamine sulfate in blood com- 
ponent donors was reported in 1978 by Lakin 
and associates [6]. A complement-dependent 
IgG skin-sensitizing antibody was identified, 
which mediated a typical anaphylactic reaction 
(urticaria, wheezing, syncope, acrocyanosis, 
and hypotension) within thirty seconds of ad- 
ministration of protamine sulfate. Such a re- 
sponse requires prior exposure to the offending 
antigen, however, and none of the 4 patients 
discussed here had had a previous exposure. 
This fact, along with our failure to demonstrate 
cutaneous sensitivity in Patient 2, makes im- 
mune reaction an unlikely explanation for the 
reaction in these patients. 

Anaphylactoid reaction, similar to that re- 
ported by Nordstróm and colleagues [8] in 1978, 
is more likely. Their patient, a 6-year-old girl, 
had repair of atrial septal defect; several min- 
utes after protamine chloride reversal of hepa- 
rin, they observed an acute rise in inspiratory 
airway resistance, a drop in pulmonary com- 
pliance, onset of ventricular irritability, and 
last, after airway resistance had begun to de- 
crease, hypotension with S-T segment depres- 
sion on electrocardiogram. Pulmonary edema 
and other signs of increased vascular permea- 
bility were absent. The patient was treated with 
high inspiratory pressures, FiO, of 0.5, and 
intravenously administered isoprenaline, with 
a satisfactory response within minutes. In 1974, 
Jastrzebski and co-workers [5] reported obser- 
vations on the cardiorespiratory responses to 
protamine after cardiopulmonary bypass in 15 
patients. Mild hypotension, significant and 
prolonged rise in pulmonary artery pressure 
(without left atrial hypertension), and mild 
hypoxia were documented. While these reac- 
tions were far less severe than those we ob- 
served, the resemblances are notable. 

A variety of different in vivo animal and in 
vitro human serum models have been used to 
elucidate nonimmunological pathways by 
which protamine could mediate the observed 
cardiorespiratory effects [2—4,. 11-13]. His- 
tamine or other vasoactive compounds released 
from mast cells or platelets have been hy- 
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pothesized to be responsible for dilatation of 
capacitance vessels, for pulmonary venous and 
pulmonary arterial] hypertension, and for al- 
tered vascular permeability. Platelet aggrega- 
tion has been observed in models of protamine 
reaction as well as in models of endotoxin shock 
and disseminated intravascular coagulation [1, 
7|. These latter syndromes may be associated 
with noncardiogenic pulmonary edema. As 
suggested by Nordstróm and associates [8], 
vasoreactive mediators could be activated by 
complexes of protamine or protamine-heparin, 
which have been shown to combine in vitro 
with complement-reactive protein, thereby 
evoking a chain reaction through the primary 
complement pathway. It is interesting that in 
vitro complement consumption has been 
shown by Rent and co-workers [12] to be most 
pronounced when protamine is in "excess" of 
heparin, although in our patients, protamine 
neutralization of heparin was monitored by ac- 
tivated clotting time, with evidence of return at 
least initially to normal and with no evidence of 
protamine excess. 

An exact pathogenetic scheme to explain all 
the physiological events we observed remains 
elusive. One or more vasoreactive compounds 
with peripheral vasodilator, pulmonary venous 
or arterial constrictor, and early cardiac sym- 
pathomimetic actions were clearly instrumental 
in the early circulatory collapse and, along with 
the acute generalized increase in capillary per- 
meability and pulmonary edema, led rapidly to 
a state of hypoxia and acidosis, which eventu- 
ally provoked some cardiac decompensation in 
each patient. If protamine were the inciting 
agent, we must hypothesize a delayed reaction 
separate from that associated with first-phase 
coagulation during neutralization of heparin. A 
complement-mediated reaction is appealing in 
concept since it would be associated with some 
delay before vasoreactive substances: would be 
produced. The delay of about an hour may also 
be noteworthy since so-called heparin rebound 
is usually observed in such a time frame, sug- 
gesting perhaps a pathogenetic role for the dis- 
sociation of heparin-protamine complexes. 
Whatever the mechanism, either an unusually 
potent protamine preparation or unusually sen- 
sitive patients or a combination of both must 


provide the basic substrate for such a reaction. 
The circumstances of 2 patients experiencing 
this reaction in one week on one cardiac service 
would seem to implicate the drug primarily 
rather than the patient. 

Our ultimate concern in this report relates to 
the catastrophic magnitude of the reactions ob- 
served. If they are related to protamine as we 
surmise them to be, their severity is far beyond 
the protamine reactions previously reported. In 
a patient who is doing very well, the sudden 
occurrence of profound vascular collapse 
simultaneously with pulmonary edema that 
makes effective respiration difficult to impossi- 
ble creates a clinical situation in which differ- 
ential diagnosis and treatment must be most 
expeditious. Certainly this is a rare phenome- 
non and should neither proscribe protamine for 
heparin neutralization nor remove more com- 
mon causes of postoperative cardiac or respi- 
ratory distress from first diagnostic considera- 
tion. In this regard, early assessment of cardiac 
output, left ventricular filling pressure, and, if 
possible, pulmonary artery systolic and dias- 
tolic pressure may be very helpful and can rule 
out cardiogenic, low-output problems immedi- 
ately. Therapy must be supportive while vas- 
cular membrane integrity is being restored. 
Empirical administration of steroids and an- 
tihistaminics should be considered if ana- 
phylactoid reaction is suspected. Endotoxin 
reaction can be seen with similar cardiore- 
spiratory effects and should be kept in mind and 
broad-spectrum antibiotics given until endo- 
toxin shock is ruled out by absence of later 


‘leukocytosis, fever, and positive bacterial cul- 


tures in the infected patient or by laboratory 
screening of possible vectors of endotoxin in 
patients exposed to contaminants. Definitive 
diagnosis in reactions like these must come by 
process of elimination. However, if protamine 
is involved, early awareness of the pathogene- 
sis of its many pharmacological effects may be 
instrumental in bringing about therapeutic suc- 
cess. 
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The Use of Levarterenol and Phentolamine in Patients 
with Low Cardiac Output Following Open-Heart Surgery 


Marvin M. Kirsh, M.D., Edward Bove, M.D., Michael Detmer, M.D., 


Ann Hill, M.B., and Paul Knight, M.D. 


ABSTRACT A study was made of the hemo- 
dynamic effects of levarterenol and phentolamine 
in patients in whom low cardiac output developed 
following open-heart operation. After the patients 
were weaned from cardiopulmonary bypass, the in- 
otropic agents were infused into an external or inter- 
nal jugular vein through an IVAC pump. Levar- 
terenol was administered first until systolic arterial 
pressure rose 20 to 30% above the highest recorded 
preoperative pressure. After stabilization, phen- 
tolamine was administered, and infusion rates were 
adjusted so that arterial blood pressure was returned 
to levels measured before bypass. 

After infusion, all patients showed an increase in 


cardiac index, mean arterial pressure, mean stroke . 


volume index, and left ventricular stroke work 
index. Mean pulmonary artery pressure, pulmonary 
vascular resistance, and left atrial pressure decreased 
in all patients. 

This study demonstrates that hemodynamic im- 
provement occurs in humans in low cardiac output 
state with simultaneous infusion of levarterenol and 
phentolamine. We recommend these agents for use 

in patients with low output, unless they continue to 
receive propranolol during and after operation. Pa- 
tients on a regimen of propranolol should not be 
given levarterenol and phentolamine. 


In spite of refinements in operative techniques 
and improvements in methods of myocardial 
preservation, most notably hypothermic hyper- 
kalemic cardiac arrest, low cardiac output con- 
tinues to be a problem after open-heart op- 
erations. We have encountered this problem 
periodically at the University of Michigan 
Medical Center, and the concomitant infusion 
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of an alpha- and beta-adrenergic drug (levar- 
terenol) and an alpha-blocking agent (phen- 
tolamine) has been the mainstay of treatment 
for low cardiac output for the past 5 years. 
However, despite successful clinical use at this 
and other institutions, there have been no 
studies in humans to substantiate the occur- 
rence of hemodynamic improvement with these 
inotropic agents. This study was undertaken to 
determine the hemodynamic effects of levar- 
terenol and phentolamine in a group of patients 
with low cardiac output following open-heart 
operation. 


Material and Methods 
Seven patients had low cardiac output follow- 
ing an open-heart operation. Three had under- 
gone valve replacements, 2 had had coronary 
artery bypass grafts, and 2 had had a ventricular 
aneurysmectomy in conjunction with a bypass. 
In the operating room, a 7 Swan-Ganz 
thermistor-tipped triple-lumen catheter was 
positioned in the pulmonary artery through the 
right internal jugular vein to measure cardiac 
output, central venous pressure, and pulmo- 
nary artery wedge pressure. Cardiac output was 
determined by the thermodilution technique. 
Anesthesia was induced with diazepam ad- 
ministered intravenously in 5 mg doses alter- 
nated with morphine sulphate in 7.5 mg 
doses, while the patient breathed 100% oxy- 
gen. Following loss of eyelid reflex, 50% nitrous 


oxide in oxygen was added. Muscle relaxation 


was achieved using pancuronium bromide, 
0.15 mg per kilogram of body weight to facili- 
tate laryngoscopy and tracheal intubation. In- 
duction of anesthesia required approximately 
15 minutes. After intubation, titration of diaz- 
epam and morphine was continued by care- 
ful monitoring of hemodynamic variables un- 
til a total dose of 0.6 mg per kilogram and 2 
mg per kilogram, respectively, had been given. 
The operations were performed using basically 
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similar techniques of myocardial preservation, 
i.e., cold hyperkalemic cardioplegic solution 
plus continuous irrigation of the heart with 
iced Ringer's lactate solution. Just prior to 
the cessation of bypass, a left atrial catheter 
was inserted for continuous pressure measure- 
ments. 

As the patient was weaned from cardiopul- 
monary bypass, the venous outflow line to the 
cardiopulmonary bypass pump was gradually 
occluded and blood was transfused until sys- 
tolic arterial pressure was greater than 90 mm 
Hg and mean left atrial pressure, was between 
15 and 20 mm Hg. At this point transfusion was 
stopped. Arterial pressure and mean left and 
rght atrial pressures were recorded, and car- 
diac output was measured in duplicate by the 
thermodilution technique. Infusion of the ino- 
tropic agents was begun in those patients with 
systolic pressure less than 90 mm Hg, cardiac 
index less than 2 L/min/m?, or both, mean left 
atrial pressure greater than 15 mm Hg, and 
whose condition failed to improve with addi- 
tional transfusion of blood. The inotropic 
agents were infused into an external or internal 
jugular vein through an IVAC pump. 

Levarterenol was infused initially at a rate 
sufficient to produce an elevation of the systolic 
arterial pressure to 20 to 3096 above the highest 
recorded preoperative pressure. After a 1- to 
3-minute period of stabilization, during which 
time the rate of infusion of levarterenol was 
held constant, infusion of phentolamine was 
begun through a separate route. The rate of in- 
fusion of phentolamine was adjusted so that the 
patient's arterial blood pressure was returned 
to levels measured before cardiopulmonary 
bypass. These adjusted rates were considered 
to be optimal but varied from patient to patient. 
At the optimal ratios, systemic and pulmonary 
artery pressure, cardiac output, left atrial pres- 
sure, and pulmonary and systemic vascular re- 
sistance were again determined. 

The following formulas and units were used 
for calculated values: 


CI = CO/BSA in L/min/m? 


SVR = (SAP-RAPVICO x 80 in dynes sec 
cm ? 


PVR = (PAP-LAPJCO x 80 in dynes sec 


cm” 
SVI = CI/HR in ml/min/m?/beat 


LVSWI = (MAP-LAP)/1,000 x SVI x 14.4 in 
gm-m/m*/beat 


where CI = cardiac index; CO = cardiac output; 
BSA = body surface area; SVR = systemic vas- 
cular resistance; SAP = systemic arterial pres- 
sure; RAP = right atrial pressure; PVR = pul- 
monary vascular resistance; PAP = pulmonary 
artery pressure; LAP = left atrial pressure; SVI 
stroke volume index; HR = heart rate; LVSWI 
left ventricular stroke work index; MAP = 
mean arterial pressure. 

All data were statistically evaluated by Stu- 
dent's paired f£ test. 


li 


Results 

The optimal infusion rate for levarterenol 
ranged from 4 mg to 16 mg per minute, and the 
optimal infusion rate for phentolamine ranged 
from 4 mg to 10 mg per minute. After infusion 
of levarterenol, peak effects were noted within 1 
to 3 minutes whereas the peak effects of phen- 
tolamine occurred 10 to 15 minutes after the 
start of infusion. The duration of infusion of the 
drugs ranged from 6 to 72 hours (mean, 30 
hours). 

Hemodynamic changes as reflected in cardiac 
index, mean arterial pressure, and heart rate are 
reported in Table 1. The mean cardiac index 
increased 55% compared with control values, 
and the mean arterial pressure increased 3496 
with infusion of the inotropic drugs. 

Measurements of systemic vascular resis- 
tance, mean pulmonary artery pressure, pul- 
monary vascular resistance, and mean right and 
left atrial pressures are given in Table 2. Mean 
pulmonary artery pressure decreased an aver- 
age of 3496 in all patients, while pulmonary 
vascular resistance decreased an average of 
38%, All of the patients showed a mean de- 
crease of 3496 in left atrial pressure. 

Table 3 shows measurements of stroke vol- 
ume index and left ventricular stroke work 
index, beth of which rose substantially from 
baseline values. 
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Table 1. Hemodynamic Changes with Levarterenol and Phentolamine Administration 





Patient Levarterenol Phentolamine 
No. (mg/min) (mg/min) 
1 16 10 
P, 6.4 4 
3 16 10 
4 8 10 
5 4 5 
6 10.7 6.7 
7 5.3 6.7 
Mean 10.9 7.5 
p Value 


NS = not significant. 


Cardiac Index (L/min/m?) 


With Percent 

Control Drug Change 
1.49 2.20 +48 
1.63 2.27 +39 
1.73 2 +60 
1.13 2.05 +81 
1.357 1.86 +36 
1.26 2.16 T7 
1.52 2.47 +63 
1.45 + 0.21 2:25. 3-:0.29 55 

«0.001 


Table 2. Hemodynamic Changes with Levarterenol and Phentolamine Administration 


Mean Right 
Atrial Pressure 
(mm Hg) 

Patient With Percent 
No. Control Drug Change Control 
1 15 15 ids 37 
2 13 9 =31 18 
3 17 12 —29 16 
4 21 19 —10 18 
5 19 14 —26 18 
6 17 15 —12 19 
7 13 13 TE 17 

Mean 16.4 + 13.9 x: 15 20.4 + 

3.0 3.1 7.4 
p Value — <0.01 


NS = not significant. 


Comment 

Levarterenol is the chemical mediator liberated 
by the postganglionic adrenergic nerves. It is 
capable of stimulating both alpha- and beta- 
adrenergic receptor sites. Its positive inotropic 
effect is often masked by a reflex bradycardia 
induced by a rise in blood pressure brought 
about largely by peripheral vasoconstriction. 
These adverse vasoconstrictive effects can be 
minimized by the simultaneous use of an al- 
pha-adrenergic agent such as levarterenol with 
phentolamine. The peripheral vasoconstric- 
tive effect is abolished without altering the 


Mean Left Mean Pulmonary 
Atrial Pressure Arterial Pressure 
(mm Hg) (mm Hg) 
With Percent With Percent 
Drug Change Control Drug Change 
20 —46 51 36 —29 
13 —48 23 17 —26 
10 —37 26 16 —38 
13 —28 ae 17 —26 
11 -39 27 20 —26 
15 —20 41 36 —12 
12 —29 25 22 ~17 
13.4 + 34 30.9 + 23.4 + 34 
3.3 10.8 8.8 
<0.01 <0.01 


positive inotropic action. Previous studies from 
our laboratory have demonstrated the useful- 
ness of the concomitant infusion of levarterenol 


and phentolamine in the treatment of experi- 


mentally produced low cardiac output states. In 
animals in a low cardiac output state, the 
simultaneous infusion of these drugs produced 
increased cardiac output, restoration of sys- 
temic arterial pressure, and augmented renal 


blood flow without elevating peripheral vascu- 


lar resistance [1, 2]. Rhodes and associates [4] 
also demonstrated that the concomitant infu- 
sion of levarterenol and phentolamine in opti- 
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Table 1. Continued 


NENNEN e DRM iMi E EM EL 1i A C 


Mean Arterial Pressure (mm Hg) 


Heart Rate (beats/min) 








With Percent With Percent 
Control Drug Change Control Drug Change 
80 98 +22 90 99 +10 
66 88 4-33 80 84 
69 98 +42 100 101 
59 89 4-49 64 66 Es 
76 93 +23 74 81 + b 
76 . 93 +22 100 86 —14 
62. 96 -+55 86 94 
69.7 Xt 7.9 93.6 t4 34 84.9 + 13.3 87.3 + 12.1 vi 

«0.001 NS 
Table 2. Continued 
Pulmonary Vascular Systemic Vascular 
Resistance Resistance 
(dynes/sec/cm?) (dynes/sec/cm?) 

With Percent With Percent 
Control Drug Change Control Drug Change 
448 346 —23 2,080 1,795 —14 
143 82 —43 1,514 1,621 + 7 
267 100 —63 1,387 1,433 + 3 
182 80 —51 1,382 1,400 + 1 
244 180 —26 1,546 1,580 + 2 
618 344 —44 1,656 1,279 —23 
267 205 —23 1,633 1,702 + 4 
310 + 167 191 + 116 38 1,600 + 1,544 + 

237 183 
«0.01 NS 


mal ratios did not produce an increase in the 
pulmonary artery pressure or pulmonary vas- 
cular resistance. 

Although there have been studies attesting 
to the efficacy of the simultaneous infusion of 
levarterenol or other pressor amines and phen- 
tolamine in experimental animals, there have 
been few studies conducted in humans [5]. 
Bradley [3] reported that when phentolamine 
was administered to 5 patients who had been 
receiving metaraminol there was an increase in 
cardiac output, reduction in mean circulation 
time, an increase in peripheral skin tempera- 


ture, and an increase in urine flow. Wilson and 
co-workers [6] treated 26 patients in shock with : 
the combined infusion of norepinephrine and 
Dibenzyline (phenoxybenzamine hydrochlo- 
ride) and noted a resultant increase in cardiac 
output of an average 7896 as well as improve- 
ment in perfusion of the patient's extremities. 

The results of our study demonstrate that 
hemodynamic improvement occurs in humans 
in a low cardiac output state when levarterenol 
and phentolamine are infused simultaneously. 
All our patients responded to the combined 
administration of these two drugs with an in- 
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Table 3. Hemodynamic Changes with Levarterenol and Phentolamine 





Left Ventricular Stroke Work Index 





Stroke Volume Index (ml/stroke/m?) (gm-m/beat/m?) 
Patient With Percent With Percent 
No. Control Drug Change Control Drug Change 
1 16.6 22.2 +34 10.3 24.9 -+142 
2 20.4 27.0 +32 14.1 29.2 +107 
3 17.3 27.4 4-58 13.2 34.7 +163 
4 17.7 31.1 +77 10.5 34.0 +224 
5 18.5 23.0 +24 15:5 27.2 + 75 
6 12.6 25.1 +99 10.3 28.2 +174 
y 17.7 26.9 +49 11.5 31.8 +177 
Mean 17.3 € 2.4. 26.0 + 3.0 50 12.2 «E 2.1 30 + 3.6 146 
p Value «0.001 «0.001 


crease in mean arterial pressure and cardiac 
output and without a change in peripheral vas- 
cular resistance. The improvement in cardiac 
output occurred without producing tachy- 
cardia. The rise in systemic pressure that results 
from the improved cardiac output leads to in- 
creased coronary blood flow. Since heart rate is 
an important determinant of myocardial oxygen 
consumption, the absence of tachycardia in 
conjunction with the resultant increased coro- 
nary blood flow causes a reduction in myocar- 
dial oxygen consumption and therefore an im- 
provement in myocardial oxygenation and left 
ventricular function. The improvement in left 
ventricular function was reflected in our pa- 
tients by a marked increase in left ventricular 
stroke work index and a fall in left atrial pres- 
sure. 

This study also demonstrated that the simul- 
taneous infusion of levarterenol and phen- 
tolamine in optimal ratios did not increase the 
pulmonary artery pressure or pulmonary vas- 
cular resistance. In fact, there was a marked fall 
in pulmonary artery pressure in all of the pa- 
tients, most likely a result of the improved left 


ventricular contractility. The fall in pulmonary . 


artery pressure in conjunction with the increase 
in cardiac index and decrease in left atrial pres- 
sure accounted for the decrease in pulmonary 
vascular resistance that we observed. 

In humans, the optimal ratio of levarterenol 
to phentolamine is quite variable (fange for 
levarterenol, 4 to 16 mg per minute, and for 


phentolamine, 4 to 10 mg per minute). When 
there is too little alpha blockade, the deleterious 
effects of alpha-adrenergic stimulation pre- 
dominate and produce an increase in heart rate 
and systemic vascular resistance, with sub- 
sequent increase in left atrial pressure:and fall 
in cardiac output. Similarly, when there is too 
great an amount of alpha blockade, profound 
hypotension from a sudden deficit in circulat- 
ing blood volume secondary to intense periph- 
eral vasodilatation results. The rates of infusion 
of the two drugs must be carefully titrated to 
avoid the potentially deleterious effects they 
could produce. 

On the basis of our past clinical experience, 
previous laboratory experiments, and this 
study, we believe that levarterenol and phen- 
tolamine administered simultaneously are the 
preferred agents for use in patients with low 
cardiac output following open-heart opera- 
tions. The only patients in whom levarterenol 
and phentolamine should not be administered 
are those who continue on a regimen of pro- 
pranolol during operation. In the presence of 
beta-adrenergic blockade, the simultaneous 
infusion of these two drugs will not stimulate 
the myocardium sufficiently to increase cardiac 
output." The additional alpha blockade pro- 
duces both arteriolar and venous dilatation 
with reduced venous return. This leads to ad- 
ditional decreases in cardiac output and coro- 


*Kirsh MM, Lucchessi B: Personal observation, 1978. 
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nary perfusion, which further impairs myocar- 
dial function. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 
will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
Ihe closing date for registration for 1981 is Au- 
gust 1, 1980. The exact times and places of these 
examinations will be announced later. 


A candidate applying for admission to the 
1981 certifying examination must fulfill all the 
requirements for the Board in force at the time 
the application is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


N eomycin Absorption: Following Clagett 
. Procedure for Postpneumonectomy Empyema 
Jonathan L. Meakins, F.R.C.S.(C), arid Jean Allard, F.R.C.S.(C) 


i 

ABSTRACT Following a Clagett stage II procedure, 
- significant amounts of neomycin are absorbed when 
concentrations of 0.25% neomycin (8.9 ug per mil- 
liliter) are used. If higher concentrations are em- 
ployed, the neomycin can achieve toxic levels (40 ug 
per milliliter), with associated renal toxicity and res- 
piratory suppression. The peel of the empyema cav- 
ity does not prevent absorption of drugs. Therefore, 
when drugs are inserted into an empyema cavity, 
due care must be exerted to prevent drug toxicity. 


The treatment of postpneumonectomy empy- 
ema: is a difficult and troublesome matter. In 
1963, Clagett ‘and associates [3] reported on 3 
patients for whom a two-stage open drainage 
procedure with subsequent closure was used. 
The procedure has been modified in many ways 
since then, but the fundamental principles with 
respect to operation and antibiotic usage have 
remained the same. The antibiotic principle on 
which this. procediire is based is second-stage 
closure of the chest wall over a solution of 
0.25% neomycin and saline. In their article, 
Clagett and co-workers suggested that serum 
levels be determined following this procedure, 
but no data are given and a review of the liter- 


ature has failed to reveal the generation of these : 
.. data. Neomycin has produced toxicity when-. 


ever it has been used previously [2,; 4-10]. We 
have had the opportunity to collect post- 


operative serum neomycin levels twice in 1 
patient with recurrent empyema. and in a sec- . 


ond patient who underwent a successful Clagett 
procedure. dh 
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Patient 1 

A 50-year-old man was seen initially in May, 
1972, with Klebsiella pneumoniae type I pneumo- 
nia. It developed into massive pulmonary gan- 
grene requiring large doses of antibiotics as 
well as right pneumonectomy. Twelve weeks 
after that admission, the patient was re- 
admitted for open drainage of an empyema 
on the right side. Again, K. pneumoniae was 
cultured. During the illness, he had received - 
many antibiotics including a prolonged course 
of gentamicin. During the winter of 1973, the 


patient began to lose his hearing with a 


combination of conduction and nerve deafness. 
He was totally deaf, probably as a result of 
aminoglycoside toxicity, by late spring. 

In the summer of 1973, the patient was 
readmitted because of a recurrent empyema. 
Twice daily before operation, the pleural cavity 
was irrigated with 200 ml of a solution of 0.25% 


neomycin. A repeat Clagett procedure was per- 
formed, with stages I and II being done six 


weeks apart. The thoracic cavity was filled with 
1,000 ml of 1% neomycin (total dose, 10 gm) 
and closed. Following this operation, the 
neomycin levels were monitored (Fig 1). In the 
recovery room immediately following opera- 
tion, reversal with atropine and Prostigmin 
(neostigmine) of the 21 mg of d-tubocurarine 
which he had received in the operating room 
was unsuccessful, and a second attempt at re- 
versal was similarly ineffective. The patient 
sustained profound respiratory failure and 
acidosis. He was reintubated and required res- 
pirator support for 24 hours. A nondepolarizing 
nerve block, characteristic of neomycin toxicity, 


was demonstrated and was present for 16 hours 


following the operation. At this time, high out- 
put renal failure developed, with increase of 
urine output to the range of 500 ml per hour and 
an elevation of blood urea nitrogen from 16 to 
27 mg per 100 ml and of creatinine from 0.8 to 
1.8 mg per 100 ml. These values did return to 
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Fig 1. Serum neomycin levels following Clagett stage H 


procedures in Patient I. Culture negative means there 
was no growth on the thoracentesis specimen. 


preoperative values of 17 and 0.8 mg per 100 ml, . 


respectively. 

The patient remained well until the winter of 
1975 when he again was seen with an em- 
pyema. It was drained and subsequently, stage 
II of the Clagett procedure was completed with 
600 ml of a solution of 0.2596 neomycin (total 
dose, 1.5 gm) placed into the empyema cav- 
ity. The cavity had shrunk considerably in size, 
and the peel was obviously thicker. The serum 
neomycin levels were monitored postopera- 
tively (see Fig 1). There were no complications 
following this procedure. The patient returned 
in the winter of 1976 and the summer of 1977 for 
drainage of the empyema. He continues to be 
stone-deaf but has adequate respiratory and 
normal renal function. 


Patient 2 

A 48-year-old man developed drug-resistant 
tuberculosis in 1973. In January, 1975, he 
underwent a right lower and middle lobectomy. 
After the operation, a bronchopleural fistula 


developed. He was transferred to our hospi- 
tal where he underwent completion of the 
pneumonectomy in February. Postoperatively, 
an empyema developed, from which Proteus 
mirabilis was grown. After short-term therapy, 
a pleurocutaneous fistula (Clagett stage I) was 
constructed in March for drainage, and daily 
irrigation with Dakin's 1/16 solution was 
started. The patient was discharged, and irri- 
gation was continued for six months under the 
supervision of a nurse. The patient felt well and 
gained weight. 

He was readmitted in September. Bronchos- 
copy showed a healed bronchial stump, and 
thoracoscopy revealed a clean cavity with glis- 
tening, firm, thick walls. The capacity had 
shrunk to 500 ml. Irrigation with Dakin's so- 
lution was continued for six weeks. Since the 
cultures persistently grew P. mirabilis, which was 
sensitive to neomycin, a regimen of irrigation 
with 1% neomycin was instituted: the cavity 
was filled with the solution, which was left 
there for an hour, and then drained off. Dakin's 
treatment was also continued. After a week the 
cultures were negative, but a few days later 
Staphylococcus albus was grown. A similar re- 
gimen of irrigation was started using 1096 Pro- 
viodine (povidone-iodine) solution. Cloxacillin 
was given systemically. After a week and after 
obtaining two negative cultures, the Clagett 
stage II procedure was performed, seven 
months after stage I. The cavity was filled with 
460 ml of 0.2596 neomycin solution and closed 
in three planes to ensure a watertight seal. 
Serum neomycin levels were monitored. The 
patient had no problems in the immediate 
postoperative period, and renal and auditory 
functions remained normal. On follow-up three 
years later, he is still well and the empyema has 
not recurred. 


The Clagett Procedure 

for Postpneumonectomy Empyema 

The first stage of the Clagett procedure [3] is 
open drainage, with resection of a short seg- 
ment of rib. The thoracic cavity containing the 
drained empyema is irrigated with either Da- 
kin's solution, concentration 1/16 to 1/4, or 
neomycin 0.25 to 1% until healthy granulation 
tissue is seen on all surfaces and cultures are 
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negative. At this time the second stage is car- 
ried out: the thoracic cavity is filled with a 
0.2596 solution of neomycin and an airtight clo- 
sure of three layers is accomplished. While we 
have no hard data to support this, we believe 
the amount of neomycin placed in the chest 
should be limited to 2.5 gm. The therapeutic 
results of this procedure have been excellent. It 
has been modified in a number of different 
ways but all modifications incorporate the basic 
philosophy of dependent drainage followed by 
closure of the thoracic cavity over a solution 
containing an antibiotic. 

Neomycin levels were determined using a 
modified agar-well diffusion assay procedure 


[1]. 


Results 
In Patient 1, detectable levels of serum neomy- 
cin were measured for nine days following both 
procedures (see Fig 1). Following the first oper- 
ation, neomycin levels measured 16 hours post- 
operatively achieved 40 ug per milliliter, a toxic 
Jevel, after thoracic instillation of 1,000 ml of 196 
solution (total dose, 10 gm of neomycin). The 
second procedure, performed two years later, 
following instillation of 600 ml .of 0.25% 
neomycin solution (total dose, 1.5 gm) had a 
pharmacokinetic curve which was parallel to 
but much lower than that seen in the first in- 
stance, the peak level being 8.7 ug per milliliter. 

In Patient 2, successful closure of a post- 
pneumonectomy empyema showed peak neo- 
mycin levels of 8.9 ug per milliliter following 
instillation of 460 ml of 0.2596 solution (total 
dose, 1.15 gm of neomycin). The curve (Fig 2) 
parallels that in Figure 1. Neomycin was detect- 
able for 48 hours after instillation. | 

In the preoperative period, neomycin levels 
were measured following irrigation of the em- 
pyema cavity. In Patient 1, an 0.2596 solution of 
neomycin produced a level of 0.31 ug per mil- 
liliter, and in Patient 2, after 1% neomycin for 
one hour, the level was 0.08 ug per milliliter. 


Comment 

We have been able to identify no reported cases 
of neomycin toxicity following the Clagett pro- 
cedure and have found no reported serum 
levels following instillation of a neomycin solu- 
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Fig 2. Serum neomycin levels in Patient 2. 


tion into an empyema cavity. The choice of 1% 
neomycin in Patient 1 was made on the as- 
sumption of the thickness of the peel and the 
supposed failure of absorption from a thick- 
walled empyema cavity. The data indicate 
clearly that neomycin is absorbed readily from 
an empyema cavity. Patient 1 required instilla- 
tion two years later when the cavity was smaller 
and the thickness of the peel was increased. 
This thick, fibrous membrane did not prevent 
or alter late neomycin pharmacokinetics. The 
slopes of both curves in Figure 1 are parallel. 
The neomycin remained in detectable serum 
levels in Patient 1 for eight days. There were no 
detectable levels in Patient 2 after 48 hours. The 
thickness of the peel may, in fact, retard ab- 
sorption and clearance. 

The toxicity in Patient 1 was severe, affecting 
both respiratory and renal function. This sug- 
gests that had he not already been deaf, deaf- 
ness would have ensued following this episode. 

Absorption of neomycin from a wide variety 
of surfaces has been described. It has been used 
as a topical antibiotic for intraperitoneal lavage, 
wound irrigations, bowel preparations, rectal 
and colonic irrigations prior to operation, oral 
administration for liver failure, bronchial aero- 
sols, and in association with antibacterial ac- 
tivity on xenografts and burn wounds. In all 
of these instances, neomycin has been ab- 
sorbed into the serum in sufficient quantities to 
produce toxicity, which has been reflected in 
either renal damage or ototoxicity. Parenteral 
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administration of neomycin has been discon- 
tinued because of renal and respiratory toxicity 
and ototoxicity. 

The empyema peel is the wall of an abscess. 
The present data show that antibiotics can dif- 
fuse across the wall of an empyema cavity to the 
blood stream. This suggests that antibiotics 
could gain access to an abscess cavity, the wall 
acting as a semipermeable membrane. Serum 
levels can be detected following irrigation of the 
pleural cavity. To avoid cumulative absorption 
and toxicity, the concentration of neomycin 
should not exceed 0.2596. Monitoring of renal 
function and hearing is required. 

Both patients reported here showed signifi- 
cant serum neomycin levels, with renal and 
respiratory failure following toxic levels in Pa- 
tient 1. Neomycin continues to be used as a 
topical antibiotic in a variety of clinical situa- 
tions. In all of its clinical usages, neomycin 
toxicity has been reported; yet, despite this 
evidence, neomycin continues to be used. It is 
clear that it must never be employed unless 
there is appropriate control and monitoring of 
serum levels to ensure that the opportunity for 
toxicity is minimized. 
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Peripheral Temperature Monitoring 
during Cardiopulmonary Bypass Operation 


Stanley Muravchick, M.D., Ph.D., Daniel P. Conrad, M.D., 


and Abelardo Vargas, M.D. 


ABSTRACT Almost one-third of 24 adult patients 
undergoing hypothermic cardiopulmonary bypass 
(CPB) for elective cardiac operation were found to 
have upper extremity skin and muscle temperatures 
of 30.0°C or less at termination of CPB despite the 
return of nasopharyngeal temperature to normal 
values. Within 45 minutes, the mean nasopharyn- 
geal temperature of these patients fell sponta- 
neously from 37.1? + 0.3°C (+ standard deviation) 
to 35.1° + 0.4°C, a significantly greater fall (p < 
0.005) than was observed for patients with extremity 
temperatures greater than 30.0°C. Persistent hypo- 
thermia of the upper extremities correlated sta- 
tistically with large body mass; it appears that these 
patients incur disproportionately large caloric debts 
during hypothermic CPB. Inadvertent hypothermia 
after CPB can be minimized if both core and extrem- 
ity temperatures are utilized to provide an assess- 
ment of the adequacy of warming prior to return to 
spontaneous circulation. 


In 1961, Bernhard and co-workers [2] reported 
the existence of large gradients between pe- 
- ripheral body temperatures and the tempera- 
tures of the core organs during hypothermic 
extracorporeal perfusion. The spontaneous de- 
velopment of large but unpredictable core/ 
periphery temperature gradients was reported 
in anesthetized patients shortly thereafter [22] 
and has been confirmed subsequently [15]. 
These gradients have been attributed to per- 
sistence of hypothalamic thermoregulatory 
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mechanisms as well as to abnormal muscle 
tone, metabolic activity, and regional perfusion 
patterns [14, 15, 18, 21, 22]. Considering the 
substantial contribution of the weight of the 
extremities to total body mass, the normaliza- 
tion of esophageal or nasopharyngeal "core" 
temperature alone would appear to be an in- 
adequate criterion of full reversal of induced 
hypothermia, although it remains an accepted 
clinical practice following hypothermic car- 
diopulmonary bypass [10, 25]. The purpose 
of this study was to measure the gradients 
between core and upper extremity skin and 
muscle temperatures at the termination of car- 
diopulmonary bypass (CPB) in patients under- 
going heart operation with contemporary per- 
fusion techniques and anesthetic agents, and to 
relate these gradients to the core temperatures 
obtained after CPB. 


Methods 

Twenty-four informed and consenting adult 
male patients undergoing CPB for elective car- 
diac operation were studied. Anesthetics in- 
cluded morphine, halothane, and enflurane, all 
with nitrous oxide in oxygen. After induction 
of anesthesia and tracheal intubation, ventila- 
tion was mechanically controlled through a 
semiclosed circle-type anesthesia system with 3 
to 5 liters per minute of unwarmed, dry, fresh 
gas inflow. Muscle relaxation was maintained 
with pancuronium or d-tubocurarine and was 
monitored by electrical stimulation of the ulnar 
nerve. 

Calibrated thermistor temperature probes 
(Yellow Springs Instruments [YSI] 401) were 
placed in the nasopharynx approximately 5 cm 
from the external nares, and a thermistor needle 
(YSI KM7106) was placed intramuscularly 0.5. 
cm beneath the skin of the forearm or thumb. 
The flat thermistor probe (YSI 7009) used to 
measure forearm or thumb skin temperature 
was fixed in place by transparent tape and cov- 
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ered with one layer of Webril cotton wool. 
Temperatures were measured at 5-minute 
intervals (YSI temperature monitor 43TA, cali- 
brated by mercury thermometer to 0.1°C) 
throughout operation. Ambient dry-bulb tem- 
perature in the operating room ranged from 
20.5? to 21.5°C, with sixteen complete changes 
of air per hour. 

A Sarns roller pump maintained circulation 
during CPB by means of vena cava and aortic 
arch cannulae using a Bentley oxygenator with 
built-in heat exchanger. Perfusion was main- 
tained at 1.8 to 2.4 liters per square meter of 
body surface per minute and a mean arterial 
pressure of 55 to 90 torr. During warming, the 
oxygenator water bath temperature was main- 
tained no more than 10°C higher than 
nasopharyngeal temperature (maximum bath 
temperature, 41°C). A water-type warming 
blanket (Aquamatic K-thermia RK 600) was 
placed under the patient and set at 41°C during 
warming, and all intravenous fluids were 
warmed to 37°C. Pressor agents were used only 
when clinically indicated in the period after 
CPB. 

Data were evaluated using Student's f test or 
a chi-square calculation for contingency tables 
with Yates' correction for continuity as indi- 
cated. A » value of less than 0.05 was the crite- 
rion of statistical significance. 


Results 
Initial nasopharyngeal temperature recorded 
within 30 minutes of anesthetic induction aver- 
aged 35.1? + 0.1°C (mean + standard deviation) 
for all patients studied. Patients were cooled to 
27.4? + 0.3°C (nasopharyngeal temperature) in 
23.0 + 2.5 minutes; mean duration of hy- 
pothermia was 53.6 + 4.4 minutes. The time 
from initiation of warming to termination of 
CPB averaged 47.6 + 2.8 minutes, and mean 
total duration of CPB was 124.0 + 25.4 minutes. 
The mean nasopharyngeal temperature for all 
24 patients at termination of CPB was 37:2° + 
0.1°C. The mean extremity skin temperature for 
all patients at the end of CPB was 31.7° + 0.6°C, 
not significantly different from the mean ex- 
tremity muscle temperature of 31.6° + 0.6°C. 
Plotting skin temperature versus muscle tem- 
perature for all patients during CPB produced a 
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Fig 1. Correlation between skin and muscle tempera- 
tures of the upper extremity during rapid rewarming on 
cardiopulmonary bypass. 


linear regression equation of slope 0.99 (Fig 1) 
with a highly significant correlation coefficient 
(p « 0.01). 

Nasopharyngeal temperature data after CPB 
were grouped according to extremity tempera- 
tures above or below 29.0? to 32.0°C. Compart- 
mentalization of data into two groups with 
boundaries of 29.0°, 30.0°, or 31.0°C resulted 
in statistically significant differences between 
groups, but a 30.0? boundary gave the highest 
level of statistical significance for comparably 
sized groups. Seven patients had upper ex- 
tremity muscle temperatures less than or equal 
to 30.0°C at termination of CPB, and their core 
temperature decreased significantly (p « 0.005) 
from a mean value of 37.1? + 0.3°C to 35.1? + 
0.4°C during the first 45 minutes of spontane- 
ous circulation. In the 17 patients with muscle 
temperatures greater than 30.0*C at termination 
of CPB, nasopharyngeal temperature drifted 
from 37.3? + 0.7°C to 35.9? + 0.6°C (p < 0.005) 
over the same time period. The difference be- 
tween the mean nasopharyngeal temperatures 
of these two patient groups was significant at 
both 30 and 45 minutes after CPB (Fig 2). Mean 
rectal temperature measured on arrival in the 
intensive care unit after operation was 35.4° + 
0.2?C in patients with muscle temperature less 
than or equal to 30.0°C at termination of CPB, 
significantly less (p « 0.05) than the mean of 
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Fig 2. Nasopharyngeal temperature after cardiopulmo- 
nary bypass (CPB) in patients with initial upper ex- 
tremity muscle temperature greater than or less than or 
equal to 30.0°C. (SD = standard deviation; NS = not 
statistically significant.) 


36.0? + 0.1°C for patients who had muscle tem- 
peratures greater than 30.0°C at termination of 
CPB. 

Patients with a large difference between 
nasopharyngeal and upper extremity skin tem- 
perature demonstrated a temperature course 
after CPB similar to that just described for pa- 
tients with large gradients between core and 
peripheral muscle temperàture. In the group of 
7 patients with skin temperatures less than or 
equal to 30.0°C at termination of CPB, mean 
nasopharyngeal temperature drifted from 37.3° 
+ 0.5°C to 35.0? + 0.3°C (p < 0.005) during the 
subsequent 45 minutes. This decrease was sig- 
nificantly greater (p < 0.005) than the mean de- 
crease seen in the group of patients with skin 
temperatures above 30.0°C at the termination of 
CPB (Fig 3), although the differences in mean 
nasopharyngeal temperature between the two 
groups at the end of CPB or 15 minutes after 
CPB were not significant. 

There were no significant differences be- 
tween patient groups in duration of CPB, 
warming time, room temperature, or patient 
age. Chi-square analysis revealed no significant 
relationship between anesthetic technique and 
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the temperature course after CPB. However, 
those patients with skin or muscle temperatures 
less than or equal to 30.0°C at termination of - 
CPB had a mean body weight of 93.6 + 3.5 kg, 
significantly greater (p < 0.025) than the 79.6 + 
4.6 kg mean body weight of patients with ex- 
tremity temperatures greater than 30.0°C. 


Comment 

Generalized moderate hypothermia is widely 
used to produce rapid, reversible depression of 
the metabolic rates of vital organs and protect 
against ischemic injury during extracorporeal 
perfusion. An early experimental study with 
animals, however, demonstrated a direct re- 
lationship between the duration of hypother- 
mia (greater than two hours) and mortality 
[9]. More recent investigations in humans dur- 
ing induced and inadvertent generalized hy- 
pothermia describe many major adverse ef- 
fects: cardiac irritability and dysrhythmias [13, 
23, 26], peripheral vasoconstriction and lactic 
acidosis [2, 21, 26], opening of arteriovenous 
shunts [21], depression of metabolic and he- 
patic function [2, 5, 26], depression of renal 
function [4, 13, 16], and increased blood vis- 
cosity and affinity of hemoglobin for oxygen 
[21, 26]. 

Because of core/periphery temperature gra- 
dients, rectal, nasopharyngeal, and esophageal 
temperatures do not reflect a so-called general 
body temperature reliably during hypothermic 
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Fig 3. Nasopharyngeal temperature after cardiopulmo- 
nary bypass (CPB) in patients with initial upper ex- 
tremity skin temperature greater than or less than or 
equal to 30.0°C. (SD = standard deviation; NS = not 
statistically significant.) 


cardiopulmonary bypass or inadvertent hypo- 
thermia during general anesthesia. Rectal tem- 
perature is acknowledged to be of little use 
in monitoring rapid heat loss or gain [22-24, 
26], and probe tip placement is imprecise. 
Esophageal thermistors follow central blood or 
heart temperatures closely if they are accurately 
positioned in the lower third of the esophagus 
[12, 18, 24] but may bear little relationship to 
extremity temperatures [22] or the heat content 
of any other part of the body. In addition, con- 
trolled mechanical ventilation of the patient 
with unwarmed anesthetic gases may introduce 
a source of error to esophageal temperature 
measurements because of evaporative cooling 
of the lower tfachea and mediastinum [24]. 
Hercus and associates [12] demonstrated that 
nasopharyngeal’ temperature correlates well 
with the temperature of the cerebral cortex but 
lags slightly behind it during rapid cooling or 
warming. We think nasopharyngeal tempera- 
ture reflects accurately the heat content -of the 
head and neck, a consistently well-perfused 
part of the body, and have chosen this temper- 
ature as the "core" or vital organ temperature to 


"un, 
"n, 
Pap, 
Ir 
ML 
"ua, 
ina, 
"Sua, 
4 


l mean temp + Sf) 
— skin temp 307c 
u Skin temp=30°t 


E 
I 


pego; 358106 


P «0.005 


45 


be used as a basis for comparison with the tem- 
perature of extremities. 

In the present study, nasopharyngeal tem- 
perature was less well maintained after CPB in 
patients who had extremities less than or equal 
to 30.0°C at termination of CPB than it was in 
those with warmer extremity skin or muscle 
temperatures. There are several possible expla- 
nations. 


l. The inability of patients with cold ex- 
tremities to increase heat production or car- 
diac output adequately to repay heat debts 
incurred prior to termination of CPB 

2. Marked differences in the magnitude of the 
heat debt present 

3. Continued heat loss at a rate greater than the 
available heat production 


In all patients, heat production by skeletal 
muscle activity was suppressed to the same ex- 
tent (80 to 90% evoked twitch depression) 
by pharmacologically induced neuromuscular 
blockade. All patients, regardless of extremity 
temperature, survived the immediate period 
after CPB without major therapeutic interven- 
tion (e.g., intraaortic balloon assist) and dem- 
onstrated adequate cardiac output as judged by 
clinically acceptable perfusion of major organs, 
although cardiac output was not measured in 
most patients. No correlation was established 
between nasopharyngeal temperature after CPB 
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and the use of vasopressors, vasodilators, or 
anesthetics known to accelerate heat loss by al- 
tering cutaneous blood flow [13]. Other major 
sources of heat loss, such as proportion of body 
surface exposed, ambient temperature, anes- 
thetic apparatus and the use of unwarmed gases 
[6], and intravenous fluid therapy, were compa- 
rable for all patients. 

Intense peripheral vasoconstriction can pro- 
duce delayed warming of the extremities [20], 
but in our study, no patients received a vaso- 
pressor infusion prior to or at termination of 
CPB. We attribute the range or core/periphery 
temperature gradients observed at the end of 
CPB to individual differences in the total caloric 
requirements for complete warming. Although 
all patients underwent a similar duration of 
warming time, mean body mass was found to 
be significantly less in patients with extremity 
temperatures greater than 30.0°C than it was in 
patients with colder extremities at the end of 
CPB. As is common practice, total body perfu- 
sion with warmed blood during CPB was regu- 
lated according to estimated body surface area, 
which varies as the square of the scale factor of 
patient size. Although heat production and 
heat loss are proportional to body surface area 
[3], body mass and heat content vary as the 
cube of the scale factor. We suggest that in 
larger patients a heat debt develops that is out 
of proportion to the usual adjustment of perfu- 
sion flow rate. Consequently, the larger pa- 
tients would be most likely to undergo in- 
. complete reversal of generalized hypothermia 
despite normalization of core temperature. 

The direct correlation between metabolic rate 
and core/periphery temperature gradients in 
unanesthetized humans is well established [17] 


and has been described in detail [11]. Under the © 


conditions of minimal anesthetic depth and in- 
complete muscle paralysis [7] common just 
prior to termination of CPB, the temperature 
gradients observed in the present study are of 
sufficient magnitude to stimulate shivering or 
nonshivering thermogenesis and increase a pa- 
tient’s metabolic rate to two to three times the 
basal value. This estimate is supported by the 
study of Dyde and Lunn [8] who observed pa- 
tients undergoing thoracotomy and-found a 
heat debt proportional to the degree of spon- 


taneously occurring peripheral hypothermia. 
They estimated that the caloric deficit asso- 
ciated with extremity temperatures of 32°C re- 
quired a 200% increase in total body oxygen 
consumption during emergence from anes- 
thesia. The associated demands for increased 
cardiac output and myocardial oxygen delivery 
would be of particular concern in patients with 
coronary artery disease. The cardiovascular im- 
plications of the massive increases in total body 
oxygen usage noted in fully awake, grossly 
shivering patients in the immediate postopera- 
tive period are obvious [1, 19]. 

We have demonstrated significant tempera- 
ture gradients between core and peripheral 
sites at termination of CPB in 2996 of the pa- 
tients studied. The presence of these gradients 
was not predictable from observations of core 
temperature alone, and we conclude that 
monitoring of both core and upper extremity 
temperatures during CPB provides a more accu- 
rate index of the adequacy of warming follow- 
ing hypothermic perfusion. Skin temperature 
measurement as described here is a noninva- 
sive technique, which, under the conditions of 
this and a previous study utilizing subcutane- 
ous placement of thermistors [22], appears to 
provide information equivalent to that ob- 
tained from intramuscular monitoring. Al- 
though the relationship between mild central or 
peripheral hypothermia and patient morbidity 
and mortality remains-to be evaluated, confir- 
mation of full reversal of induced generalized 
hypothermia would avoid the unnecessary in- - 
creases in oxygen consumption and cardiac 
output that can accompany unsuspected hy- 
pothermia following CPB. 
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Extended Evaluation of Effects 
of Anoxia on Ventricular Performance and Compliance 
Frederick H. Levine, M.D., Jack G. Copeland, M.D., David B. Melvin, M.D., 


and Edward B. Stinson, M.D. 


ABSTRACT Eight dogs were prepared by im- 
planting a left ventricular pressure transducer, aor- 
tic flow probe, and endocardial ultrasound crystals 
across the maximum transverse left ventricular 
diameter. In an unanesthetized state, the dogs were 
evaluated at rest and with acute volume loading, 
both before ischemic cardiac arrest and sequentially 
(2, 4, 6, 12, 24, and 48 hours) after 20 minutes of ar- 
rest during normothermic cardiopulmonary bypass. 
At a left ventricular end-diastolic diameter compa- 
rable to preoperative levels, left ventricular systolic 
pressure, heart rate, and rate of rise of left ventricu- 
lar pressure were not changed, but at 2 to 6 hours 
there was a significant decrease in cardiac output (p 
« 0.01), left ventricular stroke work (p < 0.01), ejec- 
tion fraction (p « 0.05), maximum rate of systolic 
diameter shortening (p < 0.05), and circumferential 
fiber shortening (p « 0.05). They gradually returned 
to control levels by 24 hours postoperatively. Left 
ventricular compliance, as measured by left ven- 
tricular end-diastolic pressure at a set end-diastolic 
diameter and by left ventricular diastolic pressure/ 
diameter, was reduced at 2 hours (p « 0.01) and 
gradually returned to control values at 48 hours. 
Thus, reversible myocardial injury due to anoxia is 
associated with both decreased contractility and 
compliance, with resultant depressed left ventricular 
performance for 24 to 48 hours after injury. 


Interruption of coronary blood flow by aortic 
occlusion and subsequent ischemic arrest, with 
or without hypothermia, has been used in- 
creasingly in many centers. In addition, use of 
chemical cardioplegia has gained popularity re- 
cently. Patients appear to tolerate fairly pro- 
longed periods of anoxic cardioplegia with 
good clinical results. 

Ischemic cardiac arrest has been shown, in 
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this laboratory and elsewhere, to result in a sig- 
nificant depression of ventricular performance 
and compliance after arrest, the severity of 
which is dependent on the duration of aortic 
occlusion [4, 6]. These studies have measured 
ventricular performance uniformly in an acute 
model, extending evaluation to only as long as 1 
or 2 hours after ischemic insult. Extended serial 
laboratory studies of myocardial function after 
anoxic injury have not been described previ- 
ously, and it was the purpose of this study to 
assess a short-term recoverable period of myo- 
cardial anoxia by sequential observations dur- 
ing a 48-hour period after aortic occlusion. 


Material and Methods 
Eight foxhounds weighing 20 to 25 kg were 
anesthetized and intubated for instrumenta- 
tion. The heart was exposed through a left 
thoracotomy. A miniature, solid-state pressure 
transducer was inserted into the left ventricle 
through a small incision at the apex and a 
catheter was placed in the left atrium through 
the appendage. A flow probe was placed 
around the ascending aorta. Piezoelectric crys- 
tals were firmly implanted .on opposite endo- . 
cardial surfaces of the left ventricle across the 
maximum transverse internal axis for continu- 
ous, instantaneous measurement of diameter 
by direct ultrasound techniques [10]. The tech- 
nique of implantation and measurement of left 
ventricular internal diameter and derivation of 
rate of systolic diameter shortening (—dD/dt) 
have been described previously [18]. 

Pressure transducers were calibrated against 
a mercury column before and after implanta- 
tion; static calibrations were linear from 0 to 300 
mm Hg and remained constant. Because zero 
baselines were unreliable, they were set for 
each study by adjusting left ventricular diastolic 
pressure to left atrial pressure as monitored by a 
fluid-filled catheter and external transducer 


i. 
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with which a zero setting could be obtained at 
each study. 

Dogs were allowed to recover for one week, 
and then were studied in the unanesthetized 
state at rest and with acute volume loading with 
a liter of normal saline solution at 100 ml per 
minute. Heart rate, left ventricular systolic and 
end-diastolic pressure, rate of development of 
left ventricular pressure (dP/dt), stroke volume, 
left ventricular diameter, and —dD/dt were 
recorded throughout the study, and from 
these values, cardiac output (CO), left ven- 
tricular stroke work (LVSW), ejection fraction, 
maximum velocity of circumferential fiber 
shortening (Vet), and left ventricular diastolic 
pressure/diameter and pressure/volume rela- 
tionships were calculated. 


CO = SV X HR where SV = stroke volume and 
HR = heart rate 

LVSW = (LVSP-LVEDP) mm Hg x 1.36 x SV] 
100 where LVSP - left ventricular systolic 
pressure and LVEDP = left ventricular end- 
diastolic pressure 

EF = stroke volume/LV end-diastolic volume 


The maximum rate of change of left ventricular 
internal diameter was measured directly from 
the precalibrated derivative signal and was 
divided by the instantaneous left ventricular 
internal diameter to obtain peak circumferential 
fiber shortening rate (Max V.; in circumferences 
per second) [7, 9]: Max Ver = s + (peak —dD/dt) 
hr + instantaneous D. 

After preoperative evaluation, the dogs were 
again anesthetized and intubated, and a right 
thoracotomy was performed. After intravenous 
administration of heparin, 2 mg per kilogram of 
body weight, cardiopulmonary bypass was in- 
stituted by cannulation of the right atrium and 
femoral artery, using a whole blood prime at 
37°C and keeping flow at 50 ml/kg/min. After 
stabilization on bypass, a left ventricular apical 
drain was inserted, and the ascending aorta 
and pulmonary artery were occluded, causing 
anoxic cardiac arrest. After 20 minutes of aortic 
occlusion, myocardial blood flow was reinsti- 
tuted, rhythm was restored with countershock, 
and cardiopulmonary bypass was discontinued 
without difficulty and without the use of ino- 


tropic agents. The chest was closed quickly, and 
the dogs rapidly awoke from anesthesia and 
were extubated. Serial studies, identical to the 
preoperative evaluation, were then carried out 
at 2, 4, 6, 12, 24, and 48 hours after the release of 
aortic occlusion. 

Data were analyzed by standard statistical 
methods, using Student's t test for paired data. 
Results were calculated as + standard error of 
the mean. 


Results 

Heart rate, left ventricular systolic pressure, 
and dP/dt measured at comparable end- 
diastolic diameters (Iso Dd) during each ob- 
servation period, showed no statistically sig- 
nificant change after occlusion (Fig 1). 

Left ventricular end-diastolic pressure mea- 
sured at Iso Dd increased from a preoperative 
control value of 10.0 + 1.0 to 16.2 + 1.5 mm Hg 
(p « 0.01) at 2 hours after cross-clamping. AI- 
though it was elevated throughout the studies, 
it was significant, 13.8 + 2.1 mm Hg (p « 0.05), 
only through 12 hours after anoxia (Fig 2). 

Cardiac output both at rest and after volume 
loading was significantly depressed after isch- 


Fig 1. Left ventricular systolic pressure (LVP), rate of 
rise of left ventricular pressure (dpídt), and heart rate at 
a comparable end-diastolic diameter (Iso D). 
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Fig 2. Left ventricular end-diastolic pressure (LVEDP) 
at a comparable end-diastolic diameter (Iso Dp). 
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Fig 3. Cardiac output at rest and after volume loading. 


emia. Preoperative resting CO was 2,621 + 305 
ml per minute, increasing to 4,265 + 568 ml per 
minute with a volume load. Two hours after 
cross-clamping, resting CO decreased to 1,168 
+ 142 ml per minute (155%, p < 0.01) and 
maximum CO decreased to 2,554 + 280 ml per 
minute (14096, p < 0.01). Resting CO remained 
depressed until 12 hours after anoxic injury 
while maximal CO did not return to normal 
until 24 hours after anoxia (Fig 3). 

Left ventricular stroke work decreased from a 
control resting level of 32.8 + 3.1 gm-m and a 
level of 45.1 + 5.2 gm-m after volume loading to 
11.4 + 1.3 gm-m (16596, p < 0.01) and 26.3 + 2.5 
 gm-m (14296, p < 0.01), respectively, 2 hours 
after clamping. Both resting and maximum 
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Fig 4. Left ventricular stroke work at rest and after vol- 
ume loading. 


LVSW did not return to normal until 24 hours 
after ischemia (Fig 4). 

The Sarnoff ventricular function curve tech- 
nique was used for assessing ventricular per- 
formance [16]. When LVSW was related to 
LVEDP, left ventricular function was signifi- 
cantly depressed at 2 through 6 hours after oc- 
clusion (approximately 40 to 50%, p < 0.01). 
There was moderate return of function 12 hours 
after occlusion, though it was still significantly 
depressed (approximately 3096, p < 0.01). 
Slight depression remained at 24 hours (ap- 
proximately 1596, p < 0.05) and a return to 
normal function occurred 48 hours after occlu- 
sion (Fig 5). 

Ejection fraction measured at Iso Dd went 
from 59 + 2% preoperatively to 49 + 3% 2 
hours after occlusion (417%, p < 0.05) and fur- 
ther decreased to 45 + 396 (12496, p < 0.01) 6 
hours after occlusion. Then, it increased to 52 + 
4% at 12 hours (|1296, p < 0.05) and finally 
returned to a normal range of 56 + 4% at 24 
hours and 60 + 4% at 48 hours after occlusion 


(Fig 6). 


Contractility was assessed by measurement 
of peak —dD/dt and calculation of V, at 
Iso Dd. The peak —dD/dt was 75 + 4 mm per 
second during the control period, decreased to 
54 + 5 mm per second at 2 hours (12896, p < 
0.01), and continued depressed through 6 
hours. Some improvement occurred at 12 
hours, increasing to 63 +-4°mm per second 
(11696, p « 0.01), and it finally returned to nor- 
mal at 24 hours (Fig 7). Likewise, V. was 2.7 + 
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Fig 5. Left ventricular stroke work as a function of 
end-diastolic pressure. 
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Fig 6. Ejection fraction at a comparable end-diastolic 
diameter. 


0.2 circumferences per second during the con- 
trol period, fell to 1.9 + 0.1 2 hours after isch- 
emia (|3096, p < 0.01), remained stable at the 
4- and 6-hour determinations, improved at 12 
hours to 2.3 + 0.2 (115%, p < 0.05), and re- 
turned to normal at 24 hours (Fig 8). 

Left ventricular compliance was monitored 
by measurement of LVEDP at both Iso Dd and 
maximum Dd, and by the change in left ven- 
tricular diastolic pressure divided by the 
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Fig 7. Maximum rate of systolic diameter shortening 
(—dD/dt) at a comparable end-diastolic diameter (Iso 
D). 
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Fig 8. Velocity of circumferential fiber shortening 
(Ver) at a comparable end-diastolic diameter (Iso D). 


change in diastolic diameter (AP/AD) and the 
change in diastolic pressure divided by the 
change in diastolic volume (AP/AV), both at Iso 
Dd. LVEDP at Iso Dd, as previously noted, in- 
creased significantly after cross-clamping and 
finally returned to normal at 24 hours (see Fig 
2). Maximum Dd was slightly decreased 2 hours 
after occlusion, but at all other times was not 
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Fig 9. Left ventricular end-diastolic pressure (LVEDP) 
at maximum ventricular diastolic diameter (max Dy). 


significantly different from control values. 
LVEDP at maximum Dd rose from a control 
level of 12.7 + 1.3 to 15.6 + 1.6 mm Hg (p < 
0.05) 2 hours after occlusion and remained as 
high as 17.0 + 2.1 mm Hg (p < 0.05) as long as 
24 hours after ischemia, finally returning to 
normal at the 48-hour determination (Fig 9). 
The value of AP/AD measured at Iso Dd rose 
from a level of 1.04 + 0.17 mm Hg/mm before 
cross-clamping to 1.52 + 0.22 at 2 hours (14696, 
p < 0.01) and to a maximum of 1.81 + 0.41 at 6 
hours (17496, p « 0.05). It remained elevated at 
1.63 + 0.25 (15796, p « 0.05) at 24 hours and 
finally returned to within a normal range at 48 
hours (Fig 10). A similar relationship was ap- 
parent when AP was plotted against AV, with a 
decrease in compliance of 4096 at 2 hours, 5796 


at 24 hours, and finally returning to normal at- 


48 hours. 


Comment 

Myocardial function after anoxic cardioplegia 
has been studied by many investigators to de- 
termine both the safe time of ischemic arrest 
and various therapeutic interventions to in- 
crease the safe margins [4, 6, 8, 9, 12, 17]. Ebert 
and associates [4] concluded that normothermic 
anoxic arrest for about 20 to 30 minutes repre- 
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Fig 10. Change in end-diastolic pressure over end- 
diastolic diameter (AP/AD) at comparable end-diastolic 
diameter (Iso D). 


sented the longest period that the large percent- 
age of normal canine hearts could tolerate 
hypoxia and retain a significant functional re- 
serve. This has been the experience of most in- 
vestigators. The method of assessment of myo- 
cardial function in these studies has been the 
Sarnoff ventricular function curve, relating 
LVSW to mean left atrial pressure in the open- 
chested, anesthetized, multicannulated, acute 
experimental model. These studies evaluated 
performance, but no measure of myocardial 
contractile force or left ventricular compliance 
was undertaken. 

In an acute model, Enright and associates [6] 
assessed left ventricular systolic length-tension, 
force-velocity, and diastolic pressure/volume 
relations before and at 30 and 60 minutes after 
30 minutes of normothermic anoxia. They dem- 
onstrated that peak systolic isometric force and 
diastolic compliance decreased significantly. 

Merchant and colleagues [11] showed signifi- 
cant depression of force-velocity curves down- 
ward and to the left and depression of diastolic 
compliance following 1 hour of ischemic nor- 
mothermic arrest. Nelson and associates [13] 
also noted a significant reduction in left ven- 
tricular compliance after 1 hour of ischemic ar- 
rest with either topical hypothermia or chemi- 
cal cardioplegia, with improvement when both 
modalities were utilized. 

Late effects of anoxic arrest on cardiac con- 
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tractility were evaluated by Ecker and co- 
workers [5] in orthotopically transplanted dog 
hearts. They found that a 1-hour period of 
anoxic arrest depressed function immediately, 
that function was 7096 of the control value 2 
hours after restoration of coronary flow, and 
that the same degree of depression was still 
present 24 hours later. 

Brody and associates [2] conducted a long- 
term evaluation of both morphology and hemo- 
dynamics in dogs subjected to normother- 
mic and hypothermic anoxic arrest for 60 
minutes. Survivors were catheterized five 
months after operation and showed significant 
elevation of LVEDP, depression of maximum 
developed dP/dt, and depressed ejection frac- 
tion with evidence of left ventricular hypo- 
kinesia and akinesia, in both groups. 

The present study was performed on an in- 
strumented but both conscious and intact ex- 
perimental model. Evaluation of cardiac con- 
tractility and compliance and of functional 
capacity was performed, and serial obser- 
vations were made. ! 

Standard measurements of myocardial func- 
tional capacity, such as CO, LVSW, and Sarnoff 
function curves, showed the acute depression 
previously reported. There was persistent de- 
pression through the first 6 hours after isch- 
emia, some improvement by 12 hours, minimal 
depression at 24 hours, and a return of the heart 
to essentially full functional capacity at 48 
hours. Calculation of ejection fraction using re- 
cordings of left ventricular internal diameter 
showed a similar pattern. 

Standard hemodynamic measures provide 
only indirect information concerning the Ver 
and intrinsic myocardial contractility. Maxi- 
mum Ve, as described by Gault and asso- 
 ciates [7], permits a quantitative comparison of 
the contractile properties of the left ventricle in 
the intact model. Both —dD/dt and the derived 
Ve were significantly depressed up to 6 hours 
after anoxia, improved somewhat at 12 hours, 
and finally returned to a normal range at 24 
hours. 

Left ventricular compliance was assessed as 
the change in ventricular pressure per unit 
change in ventricular volume. Because of the 
curvilinear nature of the ventricular pressure/ 


volume relationship, this ratio is only valid 
when a discrete value for either P or V is 
specified and, therefore, AP/AV at a set end- 
diastolic diameter has been employed [3]. The 
persistent decrease in left ventricular com- 
pliance throughout the first 24 hours after 
anoxic cardioplegia is of particular interest. As 
noted by Enright and co-workers [6], previous 
acute studies that measured postischemic ven- 
tricular performance using Sarnoff ventricular 
function curves are valid only when left ven- 
tricular compliance is unchanged, since LVEDP 
is used as an index of fiber length. Ventricular 
function curves, therefore, fail to distinguish 
diminished contractile state from diminished 
ventricular compliance since both elevate 
LVEDP. The present study indicates that the - 
diminution of ventricular function following 
anoxic cardioplegia is the result of both di- 
minished intrinsic contractility and diminished 
diastolic compliance, and that significant im- 
provement in contractility precedes improve- 
ment in compliance. Measurements of contrac- 
tility returned to normal by 24 hours, while 
measurements of compliance were abnormal 
until 48 hours. Sarnoff type curves did not fully 


return to normal until 48 hours. Both changes 


over the short period of ischemia evaluated 
were reversible. 

Clinical success with extended periods of 
anoxic arrest [1, 14, 15] indicate that the capac- 
ity of the human heart to withstand ischemia is 
considerably greater than the canine heart and 
that aortic cross-clamping has obvious advan- 
tages in exposure and simplicity over coronary 
perfusion. But there is definite diminution in 
both ventricular contractility and compliance 
after a reversible period of myocardial anoxia, 
and this may be implicated in circulatory failure 


_in the first 48 hours after operation. 
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perfusion parameters 


The TMO Adult Membrane Oxygenator incorporates 
2.25 square meters of membrane and is indicated for 
total bypass on patients at flow rates up to six liters per 
minute. And, under standard test conditions as listed in 
'! the direction insert (see table), the TMO Adult 
. Membrane Oxygenator transferred as much as 346 ml 
‘of oxygen per minute, while removing a slightly larger 
amount of carbon dioxide. The lowest practical prime 
for the Adult system (including oxygenator, reservoirs, 
and MINIPRIME® Disposable Heat Exchanger) is 900 
ml. When the arterial and venous lines are included, 





r 
TMO MEMBRANE OXYGENATOR 
4 PERFORMANCE CHARACTERISTICS 
Operation of the oxygenator under clinical conditions 
may produce different values from those illustrated 
because of the variables involved in the clinical 
perfusion procedure and in the manufacture of the 
device. The values shown are for approximation only. 
The charts below show the mean values from six 


| | | i 
STANDARD TEST CONDITIONS: 2 2°"@10'S using canine blood 


Blood Flow 6 liters/min 
Gas Flow 15 liters/min 
Venous Saturation 
Venous pCO, 

4 Venous pH 


Temperature 
Hematocrit 
Shim Pressure 300 mm/Hg 





*The ability of the TMO Membrane Oxygenator to transfer oxygen into 
and remove carbon dioxide from the blood will vary widely depending 
upon the condition of the blood. 
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INDICATIONS 

The Travenol TMO Membrane Oxygenator is indicated for the oxygenation of blood and the 
removal of carbon dioxide from it in an extracorporeal circuit during total cardiopulmonary bypass 
at flow rates up to 6 liters/minute at altitudes not in excess of 5300 feet (1615 meters). 


CONTRAINDICATIONS 
Selection of patients as candidates for oxygenation is totally a medical responsibility and the 
outcome is dependent on many variables, including patient pathology and surgical and perfusion 
procedures. 

In patients who are actively bleeding, medical judgment must be exercised in the use of the 
device. Benefits of oxygenation must be weighed against risks of total body heparinization. 
Oxygen requirements and transfer rates are influenced by many variables during perfusion. 


WARNINGS 
Evaluation of this oxygenator at elevated altitudes has shown inadequate outlet partial pressure 
for total bypass (apparently because of lower O, partial pressure differences across the 
membrane). Until appropriate modifications are made, use of this device at altitudes above 5300 
feet (1615 meters) is not recommended. 

Use of blood suction devices must be limited where possible. 


PRECAUTIONS 
Adequate heparinization is essential. If the oxygenator is used in hyperbaric environments, both 
sides of the oxygenator must be referenced to the same pressure. The gas outlet port should 
remain open and free of any obstructions. 

Before using, refer to complete directions accompanying the product. 
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Cardiopulmonary Dynamics during 
Arteriovenous Perfusion: Cardiac Output, Pulmonary 
Arterial Resistance, and Right Ventricular Stroke Work 


Bartley P. Griffith, M.D., Harvey S. Borovetz, Ph.D., Robert L. Hardesty, M.D., 
Tin-Kan Hung, Ph.D., and Henry T. Bahnson, M.D. 


ABSTRACT The effects of arteriovenous perfusion 
on myocardial performance, pulmonary circulatory 
dynamics, and organ preservation were studied in 
dogs in order to evaluate the applicability of ar- 
teriovenous extracorporeal membrane oxygenation 
for partial respiratory support. Studies were made 
on normally oxygenated dogs, on dogs made hypoxic 
by oxygen deprivation and ventilatory depression, 
and on dogs with pulmonary injury and moderate 
pulmonary hypertension induced by injection of 
oleic acid into the right ventricle. The latter two 
groups were included to assess the changes that 
occur in cardiopulmonary dynamics in the presence 
of hypoxia and pulmonary hypertension. A micro- 
channel membrane oxygenator was employed to 
provide partial respiratory support to the group of 
animals with pulmonary injury. The results indicate 
that no deleterious hemodynamic changes occurred 
in any of the groups of animals with arteriovenous 
flow for periods of up to 5 hours at rates corre- 
sponding to 20 to 35% of the total cardiac output. 
Adequate systemic oxygenation was provided by the 
microchannel oxygenator at these rates of arte- 
riovenous perfusion. 


The successful application of prolonged ex- 
tracorporeal membrane oxygenation (ECMO) in 
1971 by Hill and co-workers [22] is a bench- 
mark in the two decades of developing this ad- 
vanced technique of respiratory support. Less 
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than 15% of more than 300 patients have sur- 
vived prolonged ECMO [15], but survival has 
recently improved due to better selection of pa- 
tients and increased technical experience [4, 6, 
12, 23, 24]. Positive-pressure respiratory tech- 
niques fail annually in 40,000 adults and 12,000 
infants in the United States [35]. Associated 
with conventional ventilation using positive 
pressure are barotrauma and toxicity of oxygen, 
which compound the injury related to the pri- 
mary disease. A mortality of 41% is reported for 
patients with acute respiratory insufficiency 
who require ventilation with positive pressure 
and an inspired oxygen fraction z 0.5 for 24 
hours [36]. The concomitant use of ECMO with 
conventional ventilation avoids the deleterious 
effects of the latter. The membrane lung permits 
life-sustaining oxygenation at lower ventilatory 
pressures and diminished concentrations of 
oxygen [2, 6, 32, 37, 42]. 

The emergence of ECMO as a system of pul- 
monary support has resulted from development 
of both membrane oxygenators and techniques 
of extracorporeal perfusion (arteriovenous, 
venovenous, venoarterial, or mixed combina- 
tions). While the venoarterial mode of perfu- 
sion is the current preferred method for the 
clinical application of ECMO, there are advan- 
tages associated with the use of arteriovenous 
perfusion. Oxygenated blood delivered to the 
pulmonary arteries may reverse hypoxic pul- 


 monary vasoconstriction [21, 39] and improve 


healing of injured pulmonary parenchyma [3]. 
The systemic pulse pressure, important for 
organ preservation, is maintained during ar- 
teriovenous perfusion at rates of flow exceeding 
60% of the total cardiac output [8]. No extra- 
corporeal pump is necessary for arteriove- 
nous ECMO if the resistance in the extracor- 
poreal circuit is appropriately low. Theoretical 
objections to the use of arteriovenous perfusion 
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also exist [3, 41]. It is thought to elevate cardiac 
output by increasing venous return, which may 
create an overload for the left and right ventri- 
cle. During acute respiratory failure, pulmonary 
vascular reserve is limited and increases in 
blood flow may elevate pulmonary artery (PA) 
pressure and right ventricular (RV) afterload [3, 
41]. 

This study describes the hemodynamic con- 
sequences of arteriovenous perfusion and ne- 
gates these theoretical objections. A compari- 
son of the effects of arteriovenous flow is made 
between three groups of dogs: normoxemic 
animals, animals made hypoxic by deprivation 
of oxygen, and animals with respiratory dis- 
tress and moderate pulmonary hypertension. 
The latter two groups were chosen to evaluate 
the role of hypoxia and pulmonary hyperten- 
sion in the hemodynamic response. 


Material and Methods 
Animal Model 
Fifteen mongrel dogs weighing 15 to 20 kg were 
used in the present study. Five animals were 
studied during normal oxygenation, 3 dogs 
were made hypoxic (partial pressure of arterial 
oxygen [PaO,] ~ 50 torr) by ventilation with a 
gas mixture of 13% oxygen, and 7 dogs were 
given a hemorrhagic “shock lung” with moder- 
ate pulmonary hypertension by injection of 
oleic acid (0.3 ml per kilogram of body weight) 
into the right ventricle [13]. The arteriovenous 
circuit was constructed from polyvinyl chloride 
tubing connecting a catheter in the common 
iliac artery with one in the external jugular or 
femoral vein. Catheters (8F outer diameter/6F 
inner: diameter) constructed of polyurethane 
reinforced with spring wire were employed for 
cannulation [33]. The arterial catheter in the 
common iliac artery permitted rates of flow in 
excess of 100 ml/kg/min. Regulation of ar- 
teriovenous flow between 10 and 5096 of the 
total cardiac output was possible by interposi- 
tion of a roller pump. A microchannel mem- 
brane oxygenator was positioned between the 
roller pump and the venous return catheter for 
the dogs with hemorrhagic shock lung in order 
to provide arteriovenous ECMO for partial res- 
piratory support (Fig 1). 

Anesthesia was provided by halothane (1%), 
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Fig 1. Bypass circuitry for arteriovenous extracorporeal 
membrane oxygenation: 1=Bourn's respirator; 2= 
microchannel membrane oxygenator; 3=densitometer 
and minicircuit; 4=cardiac output computer; and 5 = 
roller pump. 


and muscle paralysis was maintained by pan- 
curonium bromide (0.1 mg per kilogram). Venti- 
lation was obtained with a volume-regulated 
Harvard respirator. A stable hypoxia (PaO, ~ 
30 to 50 torr) was provided in the animals ven- 
tilated with 13% oxygen by adjustment of tidal 
volumes and respiratory rates. High tidal vol- 
umes (30 ml per kilogram) with 99% oxygen, 
elevated respiratory rate (15 to 30 breaths per 
minute), and positive end-expiratory pressure 
(5 to 10 cm HzO) were necessary prior to arte- 
riovenous ECMO to maintain those animals 
whose lungs were injured with oleic acid. 
Prior to perfusion, arterial oxygen saturation 
of animals injured with oleic acid ranged be- 
tween 55 and 70% and partial pressure of arte- 
rial carbon dioxide, between 20 and 45 torr. 
During arteriovenous ECMO, systemic arterial 
saturations were elevated to between 60 and 
90% and those in the pulmonary artery, be- 
tween 55 and 82%. The increase in oxygen sat- 
uration depended on the ratio of the ar- 
teriovenous flow to total cardiac output and the 
degree of hypoxia prior to ECMO [8]. 
Transfusions of a balanced electrolyte solu- 
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tion (Normosol) and whole blood were ad- 
ministered to those animals with the oleic acid 
injury to replenish loss of intravascular volume 
from pulmonary edema. Calcium chloride was 
given to replace calcium bound by the fatty 
acid, and infusions of sodium bicarbonate were 
occasionally necessary to buffer acidosis. Anti- 
coagulation with heparin (3 mg per kilogram) 
was monitored in each group of animals to 
maintain an activated clotting time between 
three to five times the control value. Heating 
blankets maintained the rectal temperature at 
34° to 39°C. The electrocardiogram was made 
from standard limb leads. 


Measurement of Experimental Data 

Cardiac output was determined by the in- 
docyanine green dye method using a continu- 
ous sampling technique developed to minimize 
volume loss [16]. A circuit including a den- 
sitometer and small roller pump was posi- 
tioned parallel with the arteriovenous tubing 
(see Fig 1). Blood was siphoned continuously 
through the densitometer at a constant rate of 
20 ml per minute. 

Number 7F catheters with two lumens 
(5wan-Ganz) were placed under fluoroscopic 
control to measure the pulmonary capillary 
wedge (PCW), PA, and right atrial (RA) pres- 
sures. A 5F catheter positioned in the right 
ventricle provided pressure measurements and 
served as a site for injection of oleic acid. Aortic 
pressure was measured proximal to the perfu- 
sion cannula. Right carotid and right renal arte- 
rial blood flows in 1 normoxemic animal were 
measured through electromagnetic probes. 

The hemodynamic consequences of ar- 
teriovenous perfusion, including myocardial 
performance, pulmonary vascular resistance, 
and carotid and renal perfusion, were assessed 
for periods up to 5 hours. Measurements of 
myocardial performance included cardiac out- 
put, PCW, RA, and RV pressures, and stroke 
work (RVSW), defined here as the product of 
the stroke volume and the difference between 
peak RV pressure and mean RA pressure. The 
PA resistance was calculated as the mean PA 
pressure minus the PCW divided by the cardiac 
output [17]. Variables measured prior to initia- 
tion of arteriovenous flow were used as pre- 


perfusion conditions for all animals. Sub- 
sequent observations made at various rates of 
arteriovenous perfusion were compared with 
the preperfusion conditions by Student's t test 
for paired observation with equal variance. A 
two-tailed significance level was assigned to 
the p values. The magnitude of the arteriove- 
nous perfusion was varied in each group of ani- 
mals between rates corresponding to 15 to 50% 
of the total cardiac output. 


The Microchannel Membrane Oxygenator 

The microchannel oxygenator is characterized 
by a path for blood through semicircular mi- 
crochannels with a microporous membrane" (0.6 
m?) placed across the diametric plane of the 
channel for gas exchange. The rate of perfusion 
for gas exchange can be regulated up to 1.4 li- 
ters per minute [28, 29]. In a previous study the 
microchannel oxygenator was used to provide 
partial respiratory support for small dogs («5 
kg) rendered hypoxic by oxygen deprivation. 
The initial oxygen deficit in arterial blood (PaO, 
— 27 to 50 torr) could be upgraded to lifesus- 
taining levels (PaO, > 50 torr) using arteriove- 
nous ECMO at rates equal to 30% of the total 
cardiac output. 


Results 

A rise in cardiac output was noted upon initia- 
tion of arteriovenous flow in each group of 
animals for the ranges of perfusion tested 
(Qav/Ot = 0.15 to 0.5, corresponding to 20 to 65 
ml/kglmin, where Qav = arteriovenous flow 
and Qt = cardiac output). A linear relationship 
existed between the rise in cardiac output and 
the incremental elevations of arteriovenous 
flow from the preperfusion conditions with 
Qav = 0. Cardiac outputs were not maintained 
above preperfusion levels when arteriovenous 
flow was maintained at a constant rate for pe- 
riods of more than an hour. These trends per- 
sisted in spite of marked minute to minute 
variability in cardiac output associated with 
small animal experimentation. Cardiac output 
is related to arteriovenous perfusion for a nor- 
moxemic animal in Figure 2. The cardiac output 


*Polyviny! chloride material, Gelman Instrument Co., Ann 
Arbor, MI. 
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Fig 2. Variation in cardiac output for a normoxemic 
animal during arteriovenous (A-V) perfusion. The ab- 
sence of a persistent elevation in cardiac output (CO) 
above preperfusion values was seen in each of the 
groups of animals. 


rises with initiation of arteriovenous flow and 
after 1 hour nears the preperfusion level. 

The effect of arteriovenous perfusion upon 
systemic, PA, RA, and RV pressures, and 
RVSW was assessed in each group of animals 
for arteriovenous flows within the range of 
Qav/Qt = 0.15 to 0.5. In each group, a slight fall 
in systemic arterial pressure (5 to 10 torr sys- 
tolic) accompanied the gradual initiation of ar- 
teriovenous flow. Systolic pressure tended to 
resume preperfusion (Qav = 0) values within 
five minutes. No significant changes (p > 0.05) 
were noted in PA, RA, and RV pressures from 
preperfusion levels. The RVSW paralleled the 
described trends in cardiac output. Upon initi- 
ation of arteriovenous flow, RVSW rose but by 
1 hour later was near preperfusion levels. 

Immediately after the injection of oleic acid, 
cardiac output, RVSW, and systemic pressures 
fell, while a slight elevation was noted in mean 
PA pressures (10 torr) and pulmonary vascular 
resistance (0.5 PRU) relative to those of nor- 
moxemic animals. The PCW and RA pressures 
fell within twenty minutes because of marked 
intravascular loss of volume in the form of pul- 
monary edema. Transfusions of whole blood 
and salt solutions were directed to maintain the 
preperfusion values of RA and PCW pressures. 
Following the initiation of arteriovenous 
ECMO, a moderate elevation in cardiac output 
and RVSW occurred (Fig 3). Pulmonary vascular 
resistance, mean systemic, and mean PA pres- 
sures did not increase (p > 0.05) in any of the 
animals of this group during perfusion periods 
lasting up to 5 hours. 

Mean PA pressure and PA resistance of both 
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Fig 3. Hemodynamic consequences of oleic acid injury 

in a typical experiment. With the initiation of ar- 
teriovenous (A-V) extracorporeal membrane oxygena- 
tion (ECMO), right ventricular stroke work (RVSW) 
and cardiac output rose toward the levels before injury. 
Mean pulmonary artery (PA) and peak right ventricular 
(RV) pressures did not increase significantly (p > 0.05) 
in any of the animals with lung injury for the range of 
perfusions tested. 


normoxemic animals and those whose lungs 
were injured with oleic acid did not change 
significantly (p > 0.05) with increasing ratios of 
arteriovenous perfusion to total cardiac output 
(Figs 4, 5). Little difference was seen in the pre- 
perfusion value for RVSW in these two groups 
of animals even though RV pressure was ele- 
vated by 11 torr in animals with pulmonary in- 
jury (Fig 6). 

Dogs rendered hypoxic by ventilatory de- 
pression and deprivation of oxygen responded 
similarly to arteriovenous perfusion. No sig- 
nificant change (p > 0.05) was noted in mean 
PA pressure, PA resistance, or RVSW at varied 
rates of arteriovenous flow (Qav/Qt = 0.15 to 
0.5). i 

Pulse pressure was preserved or elevated by 5 
to 20 torr during arteriovenous perfusion above 
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Fig 4. Mean pulmonary artery pressure (PA) in nor- 
moxemic animals and those with lung injury during ar- 
teriovenous flows. Results are plotted as the mean value 
+ standard error of the mean for n data points (indi- 
cated in parentheses below each bar) at a particular 
ratio of the arteriovenous flow rate (Qav) to the total 
cardiac output (Qt). 
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Fig 5. The effects of increasing arteriovenous flow per- 
centages (QaviQt) on pulmonary artery (PA) resistance 
in normoxemic animals and in dogs with lung injury, 
the latter supported by extracorporeal membrane 
oxygenation. The data are plotted as in Figure 4. 
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Fig 6. Right ventricular (RV) stroke work during ar- 
teriovenous perfusion in normoxemic animals and those 
with lung injury. (QaviQt = arteriovenous flow percent- 
ages.) 


measurements made prior to arteriovenous 
flow. A 5 to 10% reduction in diastolic pressure 
was responsible for the increase in pulse pres- 
sure. A reduction in both the right renal and 
right carotid flows occurred in 1 normoxemic 
animal (Fig 7) as arteriovenous perfusion was 
increased from baseline conditions of no shunt 
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Fig 7. Reduction in right renal blood flow (RRBF) and 
right carotid blood flow (RCBF) in 1 normoxemic animal 
during arteriovenous perfusion. The upper point at- 
tached to the tail of each arrow corresponds to the rest- 
ing conditions with arteriovenous flow (Qav) = 0. The 
arrows indicate the fall in RRBF and RCBF from resting 
conditions at various ratios of the Qav to the total car- 
diac output (Qt). Data were taken over a period of 5 
hours. 


flow. For QaviQt > 0.4, the right renal and 
carotid flow rates were reduced by 40 to 50% 
from those measured when Qav = 0. A reduc- 
tion of 1096 for the carotid flow and 1596 for the 
renal flow was observed for Qav/Qt = 0.15 to 
0.33. 


Comment 

Previous studies on unregulated arteriovenous 
fistulas documented an increase in cardiac 
output proportional to the hydraulic radius 
of and velocity of flow through an arteriove- 
nous communication [7, 19, 25-27]. A nearly 
linear rise in cardiac output in proportion to the 
rate of flow through a fistula occurs because the 
abnormal arteriovenous communication per- 
mits systemic arterial blood to escape from the 
high resistance circuit to the low resistance ve- 
nous system [27]. In order to satisfy tissue 
blood flow requirements, a compensatory in- 
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crease in total circulatory blood volume and 
thus cardiac output occurs acutely from visceral 
and splanchnic autotransfusion and chronically 
from adjustments in fluid retention by the kid- 
neys. Arteriovenous ECMO has been used 
clinically to support patients with respiratory 
insufficiency [1, 10, 14, 30, 40, 43]. Its use has 
been restricted due to theoretical considera- 
tions that an increase in venous return leads to 
an increase in cardiac output, which is deleteri- 
ous to the myocardium and especially to the 
right ventricle should pulmonary hypertension 
exist [5, 40, 41]. 

The present study indicates that the use of 
arteriovenous perfusion for partial respiratory 
support at rates of flow corresponding to 35% of 
the cardiac output does not produce significant 
hemodynamic changes even in the presence of 
hypoxia and moderate pulmonary hyperten- 
sion. An explanation of this finding was the 
surprising lack of a persistent elevation in car- 
diac output during arteriovenous flow (see Fig 
2). Upon initiation of arteriovenous flow, a 
linear increase in cardiac output was observed 
with increasing rates of arteriovenous flow 
analogous to that occurring with an arteriove- 
nous fistula. As perfusion times progressed be- 
yond the initial periods, a lack of any persistent 
increase in the cardiac output above preperfu- 
sion values was noted in all animals. The lack of 
continuing elevation in cardiac output could 
have resulted from either deterioration of myo- 
cardial function or from an accommodation by 
the peripheral circulation to the arteriovenous 
flows. The absence of any change in PCW and 
RA pressures or the electrocardiogram in any of 
the groups throughout the 5 hours of perfusion 
suggests that myocardial function was pre- 
served. Rather the stabilization of cardiac out- 
puts near preperfusion levels during constant 
arteriovenous flow suggests that an adjustment 
occurred in peripheral vascular resistance as 
mediated by tissue blood flow requirements. 
Because of the presence of the arteriovenous 
circuit, peripheral vascular resistance could not 
be measured directly during arteriovenous 
perfusion. Its change is implied by the varia- 
tion in cardiac output. 

Awad and Morin [3] recently employed the 
arteriovenous mode of perfusion with dogs in a 


study of the Awad capillary tubular membrane 
lung. They report that a rise in cardiac output, 
equal to the arteriovenous rate of flow, occurs 
initially. Their results confirm that cardiac 
output returns to values obtained prior to per- 
fusion within 2 hours of the initiation of 
arteriovenous flow and remains essentially con- 
stant during a subsequent period of 23 hours of 
bypass. 

Pulmonary injury induced by the injection of 
oleic acid provided a suitable animal model of 
respiratory distress for employment of the mi- 
crochannel membrane oxygenator. The obstruc- 
tion of the pulmonary capillaries by oleic acid 
resulted in a drop in cardiac output along witha 
moderate rise in peak RV and PA pressures 
[31]. RVSW fell as a consequence of the de- 
crease in cardiac output. With the initiation of 
arteriovenous ECMO (Qav/Ot « 0.5), cardiac 
output and RVSW rose toward levels measured 
prior to infusion of oleic acid, while RV and PA 
pressures remained essentially unchanged. The 
rise in RVSW during arteriovenous ECMO re- 
flected the elevation in cardiac output. The lack 
of significant change in RA and RV pressures 
during ECMO suggests that the upgrade in PA 
oxygenation mitigated the effects of a di- 
minished pulmonary capillary reserve. The 
vasodilatory effects of oxygen on the pulmonary 
arteriolar sphincters have been well docu- 
mented. 

Of particular concern during prolonged 
ECMO is the problem of organ preservation. In 
contrast to the conventional venoarterial mode 
of ECMO, pulse pressure is preserved (or in- 
creases) during arteriovenous perfusion. Previ- 
ous studies have indicated that a pulse pressure 
of 15 torr is required for preservation of renal 
function during venoarterial ECMO at flows 
equal to 100 ml/kg/min [9, 11, 18, 20, 34, 38]. 
Similar data for the arteriovenous mode of 
perfusion remain to be reported. However, 
when the preservation of pulse pressure in the 
arteriovenous mode is coupled with only a 
slight reduction in carotid and renal blood flow 
observed in one animal for Qav/Ot « 0.35, 
organ function can be anticipated to be pre- 
served. 

It is concluded that the arteriovenous mode of 
ECMO may be useful for partial support of pa- 
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tients with severe respiratory disease without 
inducing adverse hemodynamic effects. 
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Comparison of Nonpulsatile and Pulsatile 
Extracorporeal Circulation on Renal Cortical Blood Flow - 


James D. Sink, M.D., W. Randolph Chitwood, Jr., M.D., Ronald C. Hill, M.D., 


and Andrew S. Wechsler, M.D. 


ABSTRACT  Radioactive microspheres were used to 
compare renal cortical blood flow with pulsatile and 


nonpulsatile extracorporeal perfusion in mongrel | 


dogs. No difference was found in total renal cortical 
flow or in flow distribution using pulsatile compared 
with nonpulsatile perfusion when mean perfusion 
pressure was held constant at a high (80 mm Hg) or 
low (50 mm Hg) level. Although the present investi- 
gation does not resolve the question of whether pul- 
satile perfusion has advantages over nonpulsatile 
perfusion in maintaining renal function, the data in- 
dicate that any differences between the two tech- 
niques must be explained by a mechanism other 
than increased total cortical blood flow or by redis- 
tribution of cortical flow. 


The physiological consequences of nonpulsatile 
blood flow have been a subject of consider- 
able investigation. Nonpulsatile blood flow in- 
creases systemic vascular resistance [7, 12, 20, 
26] and decreases oxygen consumption and 
cellular metabolism [9, 12, 24, 28]. Some inves- 
tigators have demonstrated an effect on blood 
flow in the microcirculation [18, 21] and others, 
a reduction in the safe duration of cardiopul- 
monary bypass with nonpulsatile perfusion [12, 
26]. The data are not without controversy, how- 
ever, and nearly all of these conclusions have 
been challenged by other investigators [1, 3, 8, 
16, 29;-27]. 

Specifically, effects of pulsatile flow on renal 
function have been investigated, with con- 
tradictory findings. In the present study, the 
effect of pulsatile perfusion during cardiopul- 
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monary bypass on total and transcortical blood 
flow distribution in the kidney was evaluated. 


Material and Methods 

Adult mongrel dogs, weighing 21.2 + 0.7 kg, 
were anesthetized with intravenously admin- 
istered sodium pentobarbital (30.0 mg per 
kilogram of body weight), intubated, and ven- 
tilated with a Harvard animal respirator (in- 


' spired oxygen fraction = 0.20). Following me- 


dian sternotomy, the pericardium was opened 
and the heart was suspended in a pericardial 
sling. Fluid-filled polyvinyl chloride catheters 
(14 gauge) were inserted into the aortic arch 
through the right subclavian artery to monitor 
perfusion pressure and into the aorta through 
the left subclavian artery for microsphere refer- 
ence flow samples. 

A Shiley bubble oxygenator (Model S100) was 
primed with 2 to 3 liters of fresh heparinized 
donor blood. The oxygenator blood hematocrit 
was maintained between 33 and 45 vol per 100 
ml (mean, 38.5 + 2.1) by adding whole blood or 
Normosol R (balanced salt solution) (pH, 7.4). 


. Each dog received systemic heparin (100 units 


per kilogram), and cardiopulmonary bypass 
was initiated with left carotid perfusion. Right 
atrial cannulation provided venous drainage. 
To prevent ejection, the left ventricle was 
vented through the apex. A model 1280 Hewlett- 
Packard transducer, calibrated with a mercury 
manometer, was used to quantitate aortic pres- 
sure throughout each study. 

During preparation for cardiopulmonary 
bypass, a midline abdominal incision was 
made, and the left renal artery was carefully 
isolated. A 2.5 to 3.0 mm Howell ST electro- 
magnetic flow probe was positioned on the 
renal artery and attached to a Statham M-400 


. electromagnetic flowmeter. Flow probes had 


been calibrated previously by allowing mea- 
sured amounts of physiological saline solution 
to flow through them over a known time pe- 
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riod. Linearity was tested using different flow 
rates. Probe calibrations were found to have a 
standard deviation of + 4% and were linear, + 
296, for the range of flows encountered in the 
study. Data were recorded on an eight-chan- 
nel direct writing recorder (Hewlett-Packard 
7758A). 

In Group I (6 male and 2 female dogs), a non- 
pulsatile perfusion pressure of 80 mm Hg was 
obtained using a standard roller pump. Flow 
was maintained between 75 and 125 ml per 
kilogram using an infrarenal aortic snare to help 
maintain a constant perfusion pressure. Fol- 
lowing complete instrumentation, 10 minutes 
of stable perfusion was allowed prior to the first 
microsphere injection. Pulsatile perfusion was 
then initiated using an AVCO pulsatile bypass 
pump attached to a modified AVCO model 7 
intraaortic balloon pump console, and mean 
perfusion pressure was carefully maintained at 
80 mm Hg by adjusting the flow rate. Following 
10 minutes of stable pulsatile perfusion, a sec- 
ond microsphere injection was made. The ex- 
periment was then terminated. In Group II (5 
male and 3 female dogs), the same protocol was 
repeated at a perfusion pressure of 50 mm Hg. 
Pump flow rates at the perfusion pressure of 50 
mm Hg were 40 to 70 ml per kilogram per min- 
ute. Bypass times ranged from 43 to 84 minutes 
(mean, 54.6 + 2.7 minutes). While on car- 
diopulmonary bypass, partial pressure of oxy- 
gen (Pos) averaged 158 + 23 mm Hg, and the 
pH was maintained between 7.38 and 7.45 
(mean, 7.42 + 0.03) by administering sodium 
bicarbonate as needed. 


Microsphere Blood Flow Determinations 

Carbonized microspheres,* 15 + 1 & in diame- 
ter, labeled with either cerium 141 or stron- 
tium 85 were used to determine renal cortical 
blood flow. For. each measurement, 3 X 10° mi- 
crospheres suspended in 1 ml of 10% dextran 
solution were injected into the arterial perfu- 
sion cannula over thirty seconds with vigorous 
mixing. Simultaneously, arterial reference 
samples were collected from the subclavian ar- 
tery catheter over 3 minutes with a calibrated 
Harvard peristaltic withdrawal pump. This 


*3M Manufacturing Company, Minneapolis, MN. 





Fig 1. Following fixation in formalin, three coronal sec- 
Hons, 5 mm thick, were taken from each kidney. The 
capsule was removed from each section, and the 
medulla was separated from the cortex. Transcortical 
(TC) samples were taken, and the remainder of the cor- 
tex was divided into equal thirds. Tissues were weighed 
separately and quantitatively analyzed for gamma 
radioactivity. 


microsphere injection technique was previ- 
ously validated in this laboratory [14]. At the 
conclusion of the study, the left kidney was re- 
moved. Following five to seven days of fixation 
in 10% buffered formalin, three representative 
coronal sections, 5 mm thick, were taken from 
each kidney. The capsule was then gently re- 
moved from each section by blunt dissection. 
After separation of the medulla from the cortex 
by sharp dissection, transcortical samples were 
taken. The remainder of the cortex was divided 
into equal thirds (Fig 1). 

After they were weighed, the tissues were 
analyzed for gamma radioactivity using a 
Beckman Biogamma Counter. An IBM 1130 dig- 
ital computer was used to calculate regional 
renal blood flow. The Student t test for paired 
data was used to determine statistical signifi- 
cance (p < 0.05). Data are reported as mean + 
standard error of the mean. 


Results 

The average heart rate in the open chest in both 
groups of dogs prior to the institution of car- 
diopulmonary bypass was 123 + 3 beats per 
minute, while aortic pressure was 112 + 7/78 + 
4 mm Hg. A representative intraoperative re- 
cording of mean and pulsatile aortic pressure 
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Fig 2. Representative intraoperative recording of aortic 
(Ao) pressure and renal artery flow from an animal in 
Group I. Mean aortic pressure was 80 mm Hg with both 
pulsatile and nonpulsatile perfusion at 80 mm Hg perfu- 
sion pressure. 
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Fig 3. Representative intraoperative recording of aortic 
(Ao) pressure and renal artery flow from an animal in 
Group II. Mean aortic pressure was 50 mm Hg with 
both pulsatile and nonpulsatile perfusion. 


and renal flow for each group is presented in 
Figures 2 and 3. 

In Group I, pulsatile pressure was 96 + 2/55.9 
+ 3mm Hg (mean, 80 mm Hg) with a heart rate 
of 78 + 0.8 beats per minute. In Group II, the 
pulsatile pressure was 67.5 + 3/34.8 + 3 mm Hg 
(mean, 50 mm Hg) with a heart rate of 76 + 0.9. 
In Group I, renal artery flow was 72 + 10 ml per 
minute with nonpulsatile perfusion and 80 + 9 
ml per minute with pulsatile perfusion. In 
Group II, flows were 68.7 + 12.7 ml per minute 
and 76.1 + 15 ml per minute, respectively. 
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Fig 4. Transcortical renal blood flow (mllgmimin) at 80 
mm Hg perfusion pressure. There was no significant dif- 
ference in blood flow to any layer with pulsatile as op- 
posed to nonpulsatile perfusion. 


The transcortical distribution of renal blood 
flow in Group I is shown in Figure 4 and the 
Table. The ratio of flow of the outer two-thirds 
to inner one-third of renal cortex is shown in 
Figure 5. There is no significant difference in 
total flow or flow distribution with pulsatile as 
opposed to nonpulsatile perfusion with mean 
perfusion pressure held constant at 80 mm Hg. 

Figures 5 and 6 and the Table show transcor- 
tical flow distribution in Group II. With perfu- 
sion pressure held constant at 50 mm Hg, there 
is no change in total flow or flow distribution 
with pulsatile as opposed to nonpulsatile perfu- 
sion. 


Comment 

In 1889, Hamal [10] suggested that kidney 
function is affected by the arterial pulse pres- 
sure. Studying the isolated kidney, he found 
that a reduction in pulse pressure resulted in a 
drop in urine output. Hamal's conclusions were 
later:confirmed by Hooker [11] and Gesell [6]. A 
direct correlation between pulse pressure and 
urine output was demonstrated by Judson and 
Rausch [13] in patients undergoing operation 
on the aorta. Senning and co-workers [25] 
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Transcortical Renal Blood Flow with Pulsatile and Nonpulsatile Perfusion 


Nonpulsatile Statistical Pulsatile 

Layer : (ml/min/gm) Significance? (ml/min/gm) 
PERFUSION PRESSURE = 80 MM HG 

Outer cortex 241-5 0:56 p < 0.56 2.38 + 0.41 
Middle cortex 2.79 + 0.63 0.50 2.47 + 0.47 
Inner cortex 2.94 + 0.74 0.64 2.51 + 0.56 
Transcortex 2.73 + 0.60 0.63 2.33 t 0.45 
O/I 1.97 + 0.10 0.34 2.05 + 0.13 
PERFUSION PRESSURE = 50 MM HG 

Outer cortex 1.50 = 0.38 0.22 1.88 + 0.37 
Middle cortex 1.46 = 0.36 0.65 1.80 + 0.43 
Inner cortex 1.34 + 0.37 0.54 L55-F 0.37 
Transcortex 1.43 + 0.34 0.26 1.79 + 0.37 
O/A 2.72 + 0.40 0.54 2.46 + 0.20 


*Represents comparisons between nonpulsatile and pulsatile perfusion; statistical significance, p < 0.05. There is no 
significant difference in total flow or flow distribution with pulsatile compared with nonpulsatile perfusion at a perfusion 
pressure of 50 or 80 mm Hg. 


O/I = the ratio of flow of the outer two-thirds to the inner one-third of renal cortex. 


o Nonpulsatile 





e Pulsatile 
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30 
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one-third of renal cortex are represented for bo 
pulsatile and nonpulsatile perfusion i perfusion pres- Fig 6. Transcortical renal blood flow (mligmimin) at 50 
sures of 80 and 50 mm Hg. There was no significant mm Heg perfusion pressure. There was no significant dif- 


\ difference in blood flow distribution with pulsatile com- ference in blood flow to any layer with pulsatile as op- 
pared with nonpulsatile perfusion. posed to nonpulsatile perfusion. 
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showed that, in a canine model, nonpulsatile 
perfusion results in depressed renal function 
even at high flow rates. Several investigators 
have reported that a reduction in pulse pressure 
stimulates renin release [2, 15]. Angiographic 
studies have demonstrated straightening and 
narrowing of both the main renal arteries and 
their interparenchymal branches with nonpul- 
satile perfusion [4]. 

Many and co-workers [17] found that, in 
dogs, a reduction in pulse pressure to one kid- 
ney results in decreased urine output and 
sodium excretion in both kidneys. Jacobs and 
colleagues [12] demonstrated that during pro- 
longed perfusion, renal function is better pre- 
served with pulsatile perfusion than nonpul- 
satile perfusion. German and colleagues [5] 
demonstrated that nonpulsatile perfusion re- 
sults in higher lactic acid levels and lower pH in 
renal vein samples than pulsatile perfusion 
during cardiopulmonary bypass. 

Despite the larger volume of evidence indi- 
cating that pulsatile flow is important in main- 
taining renal function, numerous investigators 
have found that as long as mean arterial pres- 
sure remains constant, pulsatile flow has no ad- 
vantage over nonpulsatile flow in kidney func- 
tion [8, 20, 23, 24]. One important source of 
variance in the studies reported may be the 
conditions under which the perfusion tech- 
niques are tested. Our studies were performed 
at 37°C. Reducing perfusion temperature may 
interfere with autoregulation and make flow 
more pressure-dependent or may alter baseline 
vascular resistance, thereby enhancing the role 
of pulsatile perfusion. The discrepancy among 
various authors may also be related to the 
physical properties of the created pulse pres- 
sure and contour. It has been suggested that 
pulse tracings that demonstrate rapid upstroke 
and downstroke leave little time for diastolic 
runoff and approximate mean arterial flow de- 
spite the pulsatile appearance of the tracing 
[19]. In the present investigation, the AVCO 
pulsatile bypass pump was adjusted to produce 
the greatest pulsatile pressure achievable. Pul- 
satile pressure in Group I was 43.8 + 3.6 mm 
Hg and in Group II, 32.8 + 3.5 mm Hg. While 
the pulse contour created by the AVCO system 


was not identical to the pressure tracing in a 
normal vessel, the downstroke as seen in Fig- 
ures 2 and 3 was sufficiently slow that good 
diastolic runoff would be expected. 

The present investigation was undertaken 
to evaluate renal cortical blood flow with pul- 
satile versus nonpulsatile perfusion using mi- 
crospheres. No significant difference was found 
in total renal cortical flow or in flow distribu- 
tion with pulsatile compared with nonpulsatile 
perfusion when mean perfusion pressure was 
held constant at a high (80 mm Hg) or low (50 
mm Hg) level. This study does not resolve the 
question of whether one method of perfusion 
has advantages over the other in maintaining 
renal function. The data do indicate, however, 
that any differences between the two tech- 
niques must be explained by a mechanism 
other than increased total cortical blood flow or 
by redistribution of cortical flow. 
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Pacemaker Implantation. 


Through the Internal Jugular Vein 


Richard Brodman, M.D., and Seymour Furman, M.D. 


ABSTRACT During a twelve-year experience with 
1,808 patients, 90 underwent permanent transvenous 
implantation through the ligated internal jugular 
vein. Ninety-two implants were performed. In 2 of 
the patients both internal jugular veins were used 
without complication. Out of the ninety-two im- 
plants there were three complications; one perma- 
nent recurrent laryngeal nerve injury and two epi- 
sodes of severe thrombophlebitis, which receded 
with nonoperative therapy. The internal jugular vein 
is a useful and safe route for permanent pacemaker 
implant. 


Placement of a permanent transvenous pacing 
electrode can be performed through a number 
of veins. The most acceptable are those easily 
accessible to the surgeon and as near as possi- 
ble to the right heart. In order of preference, we 
use the cephalic vein, the external jugular vein, 
and the internal jugular vein on the same side. 
Of the 1,808 transvenous pacemaker implants 
performed during the past twelve years at 
Montefiore Hospital and Medical Center and 
available for study, 92 implants, or 5%, were 
performed in 90 patients using the internal 
jugular vein. The internal jugular vein has been 
found to have an acceptably low complication 
rate. 


Methods 


The method for implantation of a permanent 
pacemaker is as follows: With local anesthesia, 
an incision 5 to 8 cm long is made over the 
deltopectoral groove. The cephalic vein is iso- 
lated, and a medially directed subcutaneous 
pocket for the pulse generator is created. The 
cephalic vein was unusable in 23% (433 of 
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1,808) of the implants. In these instances, the 
external jugular vein was sought and used suc- 
cessfully in 341 (1996). To expose the external 
jugular vein, an incision is made just above the 
clavicle between the posterior border of the 
sternocleidomastoid muscle and anterior bor- 
der of the trapezius muscle where the external 
jugular vein is isolated (Fig 1). The external 
jugular vein was not usable in 2196 (92 of 433) of 
the procedures in which it was sought. The in- 
cidence of an unusable external jugular vein is 
similar to that of an unusable cephalic vein. 

Ninety patients remained in whom the inter- 
nal jugular vein was used 92 times (596). In 59 
of these 92 implants, the cephalic vein was too 
small or not present; in 23, it had been used 
previously and could not be reused and in 10, it 
did not communicate with the superior vena 
cava (Table). The external jugular vein was too 
small or not present in 71 instances, was not 
reusable in 11, and did not provide a satisfac- 
tory path to the superior vena cava in 10. 

To expose the internal jugular vein, the inci- 
sion over the clavicle, used to expose the exter- 
nal jugular vein, is extended anterior to the 
sternal head of the sternocleidomastoid muscle. 
The carotid sheath is exposed by opening the 
superficial investing fascia behind the posterior 
border of the sternocleidomastoid muscle, el- 
evating the muscle and staying anterior to the 
omohyoid muscle and its fascia (Fig 2). Should 
further exposure be needed, the clavicular head 
of the sternocleidomastoid can be divided and 
the carotid sheath exposed deep to it (see Fig 2). 
If the sternocleidomastoid muscle is divided, it 
is reapproximated at the conclusion of the pro- 
cedure. The carotid sheath is opened, and the 
internal jugular vein is dissected circumferen- 
tially for about 2.5 cm; two ties of synthetic 
nonabsorbable suture are placed around it. The 
more cephalad suture is tied, and the other is 
looped again around the vessel to serve as a 
noose. The vessel is incised, and the electrode 
catheter is introduced. After intracardiac posi- - 
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Catheter. 


Fig 1. Exposure of the external and internal jugular 
veins, with anatomical relationships. 


tioning of the electrode is achieved, the elec- 
trode is fixed to the internal jugular vein with 
three synthetic nonabsorbable ties, then tun- 
neled subcutaneously to the pulse generator 
site. The wound is irrigated with 0.02% kan- 
amycin in normal saline solution and closed 
with absorbable suture material. The course of 


Reasons for Use of the Internal Jugular Vein 
instead of the Cephalic or External 
Jugular Vein in 92 Implants 
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Too small 38 (41%) 22 (24%) 
Not found 13 (1496) 30 (3396) 
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the electrode catheter can be identified on a 
roentgenogram and differentiated from im- 
plants in which the cephalic or external jugular 
vein was used. 


Results 

During introduction and manipulation of the 
catheter, bleeding estimated between 100 and 
200 ml occurred in 2 patients. No patient re- 
quired blood transfusion. Recurrent nerve in- 
jury resulting in hoarseness occurred in 1 pa- 
tient in whom paralysis of the left vocal cord 
was documented two months postoperatively 
by laryngoscopy. Air embolism was never a 
problem clinically. It was observed twice by 
fluoroscopy in the right heart, but the embolized 
air was absorbed spontaneously within several 
minutes without difficulty and the procedure 
was resumed. 

In 59 of the 92 implants for which the inter- 
nal jugular vein was used, the site of the im- 
plant had not been employed before for pace- 
maker insertion. Of these 59 patients, 57 had 
never had a permanent transvenous pacemaker. 
Two of the 90 patients with an internal jugular 
implant died. One of them arrested during the 
operative procedure with electromechanical 
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Fig 2. Exposure of the internal jugular vein, with ana- 
tomical relationships in cross section above the clavicle. 
(SH = sternohyoid muscle; ST = sternothyroid muscle; 
SHSCM = sternal head of sternocleidomastoid muscle; 
CHSCM = clavicular head of sternocleidomastoid mus- 
cle; Trach. = trachea; T = thyroid gland; IJ = internal 
jugular vein; OH = omohyoid muscle; EJ = external 
jugular vein; E = esophagus; CS = carotid sheath; V = 
vagus nerve; P = phrenic nerve; TCA = transverse 
cervical artery; SA = anterior scalene muscle; PL = 
platysma; C = carotid artery.) 


Fascia 


dissociation. In the other patient, a frail old 
woman, a wound infection developed at the 
pulse generator site and she died one month 
postoperatively. Of particular interest are 2 pa- 
tients who had thrombophlebitis of the internal 
jugular vein. Marked pain, swelling, erythema, 
and tenderness of the lateral aspect of the neck 
from clavicle to mandible developed on the 
fourth and seventh postoperative day, respec- 
tively. A thrombosed internal jugular vein 
could be felt beneath the indurated soft tissues. 
Organisms were never isolated from repeat 
blood cultures. Treatment for approximately 
one week with warm soaks, heparin, and intra- 
venously administered antibiotics resolved the 
problem. Both patients are alive and well at six 
months and one and a half years postopera- 
tively. 

Also of interest are 2 patients in whom both 
internal jugular veins were used as a result of 
multiple procedures for electrode problems and 
wound infections. Both patients are well at four 
and seven years after ligation of the second 
internal jugular vein. | 


There were no central nervous system com- 
plications. Fear of thrombosis of the internal 
jugular vein after ligation has caused some au- 
thors to believe that this vessel should not be 
ligated [1, 4]. They recommend use of a purse- 
string suture on the internal jugular vein to 
avoid thrombosis despite the observation that 
stenosis and thrombosis occur frequently in 
tributaries of the superior vena cava that 
have a transvenous pacemaker electrode 
within the lumen, but rarely cause a problem 
clinically [5]. 

In our experience with ligation and use of the 
internal jugular vein for transvenous pacemaker 
electrode placement the only complications of 
consequence directly attributable to the method 
were the two episodes of thrombophlebitis 
of the internal jugular vein and the injury to 
the recurrent laryngeal nerve [2, 3]. Thrombo- 
phlebitis of the internal jugular vein resulted 
in morbidity only. Permanent disability did re- 
sult from injury to the recurrent laryngeal 
nerve, but this complication is avoidable. No 
complications occurred from use of both inter- 
nal jugular veins at different times. These 
findings support our decision to continue to 
use the internal jugular vein. However, a ve- 
nipuncture technique, now under development, 
to enter the subclavian vein for introduction of 
a permanent pacemaker eléctrode may reduce 
the necessity of using the external or internal 
jugular vein. 


References 


1. Chardack WM: Cardiac pacemakers and heart 
block, in Gibbons' Surgery of the Chest. Third 
edition. Edited by DC Sabiston, FC Spencer. 
Philadelphia, Saunders, 1976, p 1263 

2. Furman S, Escher DJW: Principles and Tech- 
niques of Cardiac Pacing. New York, Harper & 
Row, 1970, p 120 

3. Leininger BJ, Neville WE: Use of the internal 
jugular vein for implantations of permanent 
transvenous pacemakers: experiences with 22 pa- 
tients. Ann Thorac Surg 5:61, 1968 

4. Rao G, Zikria EA: Technique of insertion of pac- 
ing electrode through the internal jugular vein. ] 
Cardiovasc Surg (Torino) 14:294, 1973 

5. Stoney WS, Addlestone RB, Alford WC Jr, et al: 
The incidence of venous thrombosis following 


long-term transvenous pacing. Ann Thorac Surg 
22:166, 1976 


CASE REPORTS 


Initial Clinical 


erience with a 


New Temporary Left Ventricular Assist Device 


.Leonard R. Golding, M.D., Laurence K. Groves, M.D., Mohan Peter, M.D., 
Gordon Jacobs, M.S.E.E., Ronald Sukalac, B.S., Yukihiko Nosé, M.D., 


and EUM D. Loop, M.D. 


ABSTRACT A new, simple left ventricular assist 
system has been developed and its use in experi- 
mental animals has been evaluated. The system 
achieves ventricular drainage by a transaortic valve 
cannula and utilizes. a new centrifugal pump; the 
blood access is unique in requiring only a simple 
end-to-side synthetic graft anastomosis to the as- 
cending aorta. Adequate pulsatility is obtained by 
concomitant use of an intraaortic balloon pump. 
This case report documents our initial clinical ex- 
perience with this system in a postoperative patient 
with profound left ventricular failure unresponsive 
to all usual treatment. There was temporary recovery 
of left ventricular function upon decannulation after 
five and a half days of assist pumping. ‘Despite the 
eventual death of the patient, the system functioned 
adequately, suggesting that it has good potential for 
use in a small, selected group of patients. 


The following case report describes our initial 
clinical use of the temporary left ventricular as- 
sist system. 


A 49-year-old white man with a two-year his- 
tory of progressive angina pectoris and no 
evidence of prior myocardial infarction had 
coronary angiography on August: 16, 1978. 
Findings were total obstruction of the right 
coronary artery, 7096 obstruction of the left 
main coronary artery, 9096 obstruction in the 
proximal third of a major large diagonal branch, 
and 80% narrowing at the origin ‘of a large 
lateral circumflex branch. A ventriculogram 
showed minimal impairment, with a 70% ejec- 
tion fraction..On August 21, 1978, elective re- 
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vascularization was done with aortocoronary 
saphenous vein grafts constructed to the left 
anterior descending, diagonal, and circumflex 
coronary arteries and with myocardial protec- 
tion by intraaortic cold potassium cardioplegia. 
The procedure was uneventful and the patient 
was returned to the intensive care unit in a 
stable state. 

Eight hours after operation, hypotension and 
low urine output developed, which were unre- 
sponsive to volume loading and dopamine. Be- 
cause of persistent low output with a cardiac 
index of 1.8 and an electrocardiogram showing 
evidence of anterior wall infarction, an in- 
traaortic balloon pump was placed. 5oon after- ' 
wards cardiac arrest occurred. The patient was. 
unresponsive to all usual resuscitative mea- 
sures and was returned to the operating room 
and placed on total cardiopulmonary bypass. 
Evaluation at that time showed thrombosis of 
the graft to the diagonal branch, patent grafts to 
the left anterior descending and circumflex 
coronary arteries, and no effective contraction | 
of the left ventricle. He remained unresponsive 
to all cardiotonic agents, intraaortic balloon 
pumping, and periods of "cardiac rest" on total 
cardiopulmonary bypass. With family approval 
the decision was made to use the temporary left 
ventricular assist system. _ 

A. 22 mm, bifurcated, closely woven Dacron 
graft was anastomosed end-to-side to the as- 
cending aorta. Through one limb, the ven- 
tricular drainage cannula was passed retrograde 
across the aortic valve into the ventricle (Fig- 
ure). The second limb was used for positioning 
of the arterial return cannula from the pump. 


- The limbs of the grafts were ligated to the can- 


nulas in the subcutaneous tissue to allow ac- . 
cess for later removal under local anesthesia [4]. 


After the system was instituted, it was possi- 


` ble to discontinue cardiopulmonary bypass and 


initial pump flows of 3.5 to 4.0 liters per minute 
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Postoperative chest roentgenogram showing the ttp of 
the left ventricular cannula in situ. 


with mean systemic pressures of 65 to 70 mm 
Hg and a left atrial pressure of 5 mm Hg were 
obtained. There was concomitant right ven- 
tricular failure as evidenced by high right-sided 
pressures, but this was improved by the use of 
Isuprel (isoproterenol). Brief periods of cessa- 
tion of pump flow showed a nonfunctioning left 
ventricle with no opening of the aortic valve. 
Heparin was not used for the first 24 hours 
because of persistent bleeding, but then the 
partial thromboplastin time levels were main- 
tained at two to three times normal by the con- 
tinuous intravenous administration of heparin. 
Urine output was low for the first 24 hours, but 
increasing the assist flow to 5.0 to 5.5 liters per 
minute resulted in a marked improvement. 
Right ventricular function returned to normal 
after 36 hours and, simultaneously, there was 
evidence of return of left ventricular function as 
shown by opening of the aortic valve on brief 
cessation of pump flow with a competent aortic 
valve on echocardiogram. Neurological status at 
that time was shown to be intact. Electrocardio- 
grams showed the presence of acute anterior 
and inferior infarction on the day of insertion of 





the temporary left ventricular assist system, and 
enzymes confirmed massive damage: lactic de- 
hydrogenase, 3,000 mU/ml; serum glutamic 
oxaloacetic transaminase, 2,010 mU/ml; and 
creatine phosphokinase, 4,860 mU/ml (MB frac- 
tion, 4%). Intraaortic balloon pumping was 
continuous through the duration of assist and 
resulted in good pulsatile flow with pulse pres- 
sures of 80 to 100 mm Hg. The high flow state of 
5.0 liters per minute was maintained for four 
days, followed by gradual weaning over the 
next 36 hours. The system was removed under 
local anesthesia at the bedside, and the in- 
traaortic balloon pump was continued for 8 
hours but then was removed because of posi- 
tive blood cultures for acinetobacter. About 24 
hours after removal of the intraaortic balloon 
pump, there was a progressive decline in car- 
diac output and evidence of pneumonia and 
septicemia, which became unresponsive to all 
measures. Renal function became abnormal 
after cessation of the temporary left ventricular 
assist system. The patient died on the eighth 
day after operation of low cardiac output sec- 
ondary to poor left ventricular function and 
concomitant sepsis. 


System Components 

The components of this assist system consist of 
two specialized thromboresistant cannulas in- 
tegrally connected to the Medtronic model 1861 
blood pump. The cannulas are composed of 
polyvinylchloride tubing reinforced externally 
with filament of stainless steel wire and then 
coated both internally and externally with 
thromboresistant material. This construction 
makes the cannulas particularly resistant to 
kinking. The inflow cannula has both a large- 
bore section, 55 cm long with an internal 
diameter of 12.7 mm, coated on the blood- 
contacting surfaces with Avcothane-610, and a 
small-bore section with a terminal stainless 
steel metal cage tip. This section is 50.5 cm long 
with an internal diameter of 6.7 mm and a 
blood-contacting surface of Biomer. The out- 
flow cannula has the same dimensions as the 
inflow cannula and a similar composition. The 
cannulas are glued to the inflow and outflow 
ports of the model 1861 blood pump with 
Avcothane-610. 
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The Medtronic 1861 blood pump and its per- 
formance characteristics have been reported 
previously by others [2, 3]. The pump is com- 
posed of two sections physically separated by a 
sealing baffle. The blood, or impeller, com- 
partment is composed of an epoxy housing 
coated with Avcothane and includes the blood 
inlet and outlet. The lower, or rotor, compart- 
ment contains saline solution, which acts as 
both a coolant and a lubricant. All stationary 
blood-contacting surfaces are coated with 
thromboresistant polymer while the moving 
blood-contacting surfaces are composed of 
pyrolytic carbon. The pump has an open, im- 
peller, centrifugal design and is driven by elec- 
tromagnetic coupling, with rotation of the im- 
peller being controlled by an externally rotating 
magnetic field. It generates pressure in propor- 
tion to the speed of the impeller, and the re- 
sulting flow rate is a function of the peripheral 
resistance. The pump has proved to be most 
efficient in a steady state, or pulseless mode, 
which was employed in the patient considered 
here. A cable connects the motor to a Medtronic 
1812 control console, which allows control of 
the motor speed. 

An externally mounted ultrasonic Doppler 
detector on the pump return tubing is con- 
nected to the Medtronic model 1800 flowmeter 
system. This allows accurate monitoring of the 
flow through the pump tubing. The flowmeter 
probe contains a pair of piezoelectric crystals to 
detect changes in the average velocity of blood 
cells within the blood flow stream. Experimen- 
tally, this system has good accuracy in flow 
ranges of up to 10 liters per minute. The system 
also provides visual and audible alarms to de- 
tect an increase in the level of microbubbles in 
the bloodstream or a decrease in blood flow rate 
relative to preset values. 


Comment 

Many groups are presently working on the de- 
velopment of various types of left ventricular 
assist devices for use in patients with both 
permanent and reversible profound left ven- 
tricular failure [1, 5-14]. The development and 
evaluation of this new temporary left ventricu- 
lar assist system and its method of experimental 
use have been described previously [4, 5]. This 


particular system has potential advantages of 
simplicity, flow in the range required to sup- 
port organ function, and minimal hemolysis 
experimentally. In our patient, plasma hemo- 
globin was initially 39 mg per deciliter in the 
first 24 hours following the initiation of the as- 
sist device and was most probably associated 
with the second period of cardiopulmonary 
bypass; thereafter, it did not exceed 5.5 mg per 
deciliter. No hemosiderin appeared in the 
urine, and there was no significant fall in 
hematocrit as a result of use of the assist pump. 
Platelets initially decreased to a minimum of 
50,000/mm* but then began to return to normal 
levels. Peripheral blood smears showed mild 
poikilocytosis but significantly less than in 
animal experiments done previously with the 
pump [5]. 

Postmortem examination failed to reveal evi- 
dence of any thromboemboli, and the residual 
graft was obliterated by clot and did not appear 
to be a future source of thromboembolism. The 
aortic valve showed no damage from the trans- 
valvular cannula, and there was no evidence of 
injury to the endocardium by the tip of the 
ventricular cannula. The heart showed massive 
myocardial infarction involving approximately 
two-thirds of the septum and further damage in 
the posterolateral wall of the left ventricle. The 
lungs were congested and there were changes 
consistent with both fluid overload and pneu- 
monia. Neither the cannulas nor the pump 
housing showed evidence of thrombus for- 
mation. 

In its first clinical trial, this new temporary 
left ventricular assist system performed as pre- 
dicted by the evaluation of its use in experi- 
mental animals, and has been proved capable of 
producing flows necessary to maintain systemic 
organ function during profound left ventricular 
failure for five days. There was no significant 
hemolysis and no evidence of thromboem- 
bolism postmortem. 

Limitations to use of such a device are im- 
posed by the concomitant presence of right 
ventricular failure that may require a second as- 
sist device for a period of 24 to 36 hours until 
recovery occurs, and the inability to determine 
the potential for recovery of a damaged left 
ventricle. Nuclear scanning may ultimately play 
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a role in determining this potential. It may also 
be that more prolonged periods of support are 
required for a successful result. 
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Use of Nitroprusside for Control of Pulmonary 
Hypertension in Repair of Ventricular Septal Defect 


Philip A. Faraci, M.D., Harold F. Rheinlander, M.D., and Richard J. Cleveland, M.D. 


ABSTRACT After repair of a ventricular septal de- 
fect (VSD) in a 3-year-old child with markedly ele- 
vated pulmonary vascular resistance (PVR), sodium 
nitroprusside was administered by intravenous in- 
fusion at 3.0 ug per kilogram of body weight per 
minute. Nitroprusside was effective in reducing 
pulmonary artery pressure and increasing systemic 
blood pressure in the intraoperative and early post- 
operative periods. It is suggested that nitroprusside 
may facilitate the perioperative management and 
enhance the early survival in patients with increased 
PVR secondary to a VSD. 


The clinical course of patients with a ventricular 
septal defect (VSD) is variable. Some remain 
asymptomatic through adulthood; in those 
with a large defect, congestive heart failure 
often develops in the neonatal period coinci- 
dent with a fall in pulmonary vascular resis- 
tance (PVR); and in others, progressive pulmo- 
nary vascular disease can develop in early 
childhood. The consequences of this last com- 
plication are grave, resulting in cyanosis sec- 
ondary to reversal of shunt flow and right ven- 
tricular failure due to a progressive increase in 
PVR. Surgical intervention has been directed at 
controlling congestive heart failure and pro- 
tecting the pulmonary vasculature from the 
hemodynamic effects of a large VSD. This is 
accomplished either by early closure of the de- 
fect or banding of the main pulmonary artery 
and closure at a later date. 

Occasionally the surgeon sees a child who 
did not receive optimum therapy in infancy and 
has a VSD, systemic pressure in both ventricles, 
and a markedly elevated PVR. The management 
of these patients presents a therapeutic di- 
lemma. Without surgical therapy, progressive 
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deterioration and death will occur. However, 
operative repair is associated with a high mor- 
tality secondary to acute right ventricular fail- 
ure and low cardiac output. A patient with a 
VSD and pulmonary hypertension who was 
treated successfully by patch closure with tem- 
porary control of pulmonary hypertension 
using sodium nitroprusside forms the basis for 
this report. 


A 3-year-old girl was admitted to the Boston 
Floating Hospital on January 30, 1977, for clo- 
sure of a VSD. The onset of congestive heart 
failure occurred in May, 1976, and responded 
initially to digoxin and diuretics. Cardiac 
catheterization was performed at that time and 
revealed a VSD, a patent ductus arteriosus, 
pulmonary artery pressure of 128/58 mm Hg, 
and PVR of 10.5 units. The PVR decreased to 
8.4 units with administration of 10096 oxygen 
and to 6.7 units in response to intravenously 
administered tolazoline. In June, 1976, she 
underwent closure of the patent ductus arte- 
riosus. However, the development of brady- 
cardia and hypotension prevented pulmo- 
nary artery banding. The patient remained 
in mild congestive heart failure and was re- 
catheterized in November, 1976. At that time 
the pulmonary artery pressure was 110/45 mm 
Hg, and the PVR was 14.3 units, which de- 
creased to 5.5 units with oxygen and to 4.5 units 
with tolazoline and oxygen. Because of this 
evidence of a dynamic component to the PVR, it 
was decided to attempt closure of the VSD. 
On February 3, 1977, utilizing cardiopulmo- 
nary bypass with moderate hypothermia to 
30°C, a 2.0 cm, membranous VSD was closed 
with a Dacron patch through a transverse right 
ventriculotomy. Pressure-monitoring lines were 
placed in the left atrium and pulmonary 
artery. After defibrillation, while on partial car- 
diopulmonary bypass, the systolic pressure in 
the pulmonary artery was 90 mm Hg, which 
was equal to systemic pressure. After an unsuc- 
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tral venous pressure (CVP) during infusion of nitro- 
prusside (NIPRIDE). 


cessful attempt to wean the patient from car- 
diopulmonary bypass because of systemic 
hypotension, sodium nitroprusside was admin- 
istered intravenously at a rate of 4.5 wg per 
kilogram of body weight per minute. The pul- 
monary artery pressure decreased to 70/30 mm 
Hg, and the systemic pressure remained at 
90/50 mm Hg. It was possible to discontinue 
cardiopulmonary bypass without additional 
pharmacological support. In the immediate 
postoperative period, nitroprusside was given 
at a maximal dose of 3.0 wg per kilogram per 
minute. The pulmonary artery pressure re- 
mained at 70/30 mm Hg, while the systemic 
blood pressure rose to 110/55 mm Hg (Figure). 
The inspired oxygen concentration was pro- 
gressively decreased to 40% during the first six 
hours with no untoward effect, and the patient 
was weaned from assisted ventilation at twenty 
hours after operation with no difficulty. A con- 
sistent reduction of pulmonary artery pressure 
and increase in systemic blood pressure was 
observed during the intravenous administra- 
tion of nitroprusside. The patient was extu- 
bated on the fourth postoperative day. Her sub- 
sequent hospital course was uncomplicated. 
She was discharged on the twelfth postopera- 
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tive day and has remained asymptomatic on a 
regimen of digoxin. 

On November 14, 1977, nine months fol- 
lowing repair, she underwent cardiac catheteri- 
zation in order to determine the adequacy of 
the repair and to measure the PVR. The right 
ventricular pressure was 85/4 mm Hg. The pul- 
monary artery pressure was 85/307 mm Hg 
(mean, 51 mm Hg). The mean left atrial pres- 
sure was 5.4 mm Hg, and left ventricular pres- 
sure was 138/10 mm Hg. The VSD closure was 
intact. The PVR was calculated at 13.4 units, 
essentially unchanged from the preoperative 
level. The patient will be followed with echo- 
cardiography and right ventricular systolic 
time intervals to assess the effect of elevated 
PVR on right ventricular function. 


Comment 

The left-to-right shunt resulting from a large 
VSD can produce an exceedingly large pulmo- 
nary to systemic flow ratio. The magnitude of 
the intracardiac shunt depends on the size of 
the defect, the pressure gradient across the de- 
fect, and the relative pulmonary and systemic 
vascular resistances. Kirklin and associates [3, 
6, 8] demonstrated that pulmonary vascular 
disease complicates the natural history of this 
malformation by producing impedance to pul- 
monary blood flow, which results in decreased 
cardiac output after VSD repair. They cat- 
egorized patients according to the ratio of 
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pulmonary to systemic pressure and the ratio of 
pulmonary to systemic blood flow as well as 
PVR. In their series, patients more than 2 years 
old at the time of repair and with severely ele- 
vated PVR (> 10 units) had a high operative 
mortality (17%). Those who survived had a 
poor long-term prognosis, with 5096 of the pa- 
tients maintaining a high PVR five years after 
repair. In contrast, those undergoing VSD clo- 
sure before they were 2 years old uniformly had 
improvement in pulmonary hemodynamics. 
The current trend, therefore, is to close the VSD 
in patients with pulmonary hypertension be- 
fore they are 2 years old. 

An older patient with a large VSD and ele- 
vated PVR is encountered occasionally. The risk 
of operative closure in these older children can 
be reduced by treatment with pulmonary vaso- 
dilating agents. The rationale of therapy is to 
decrease the PVR, thereby unloading the right 
ventricle while increasing cardiac output. Since 
the elucidation of the physiological effects of 
sodium nitroprusside on the systemic and pul- 
monary vasculature [4, 9-12], its use in a vari- 
ety of clinical conditions has been advocated [1, 
4, 5]. Reports by Emerson and colleagues [7] 
and by others [2, 13], have confirmed the 
theoretical advantage of using sodium nitro- 
prusside in the perioperative period when re- 
duction of afterload on the systemic ventricle is 
desirable. 

The inability to wean our patient from car- 
diopulmonary bypass with the usual pressor 
and inotropic agents prompted the intravenous 
administration of nitroprusside in the hope that 
reduction of PVR would result in an improve- 
ment in systemic blood pressure. The reduction 
induced by increased oxygen concentration and 
intravenously administered tolazoline during 
cardiac catheterization suggested that the pul- 
monary vasculature was still reactive. The ad- 
ditional factors of cardiopulmonary bypass and 
right ventriculotomy probably contributed to 
the initial right ventricular failure in our pa- 
tient. Improvement in ventricular function in 
view of persistent elevation of pulmonary ar- 
tery pressure after discontinuing nitroprusside 
is consistent with recovery of the ventricle from 
the surgical trauma. The favorable early result 


in this instance suggests that further investiga- 
tion of the efficacy of vasodilator therapy in pa- 
tients manifesting right ventricular failure sec- 
ondary to increased PVR is warranted. 

This report suggests an approach to the 
problem of right ventricular failure after repair 
of a VSD in a patient with elevated PVR, which 
was responsive to vasodilation. The intraop- 
erative use of intravenously administered 
sodium nitroprusside reduced pulmonary ar- 
tery pressure and permitted successful comple- 
tion of the operative procedure. It is concluded 
that nitroprusside can reduce the surgical mor- 
tality and enhance early recovery after closure 
of a VSD in a high-risk group of patients. How- 
ever, the long-term prognosis in such patients 
remains uncertain. 
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Rifampin in the Management of Early 
Prosthetic Staphylococcus epidermidis Endocarditis 


Ted George, M.D., Keith Burch, M.D., and Donald J. Magilligan, Jr., M.D. 


ABSTRACT Staphylococcus epidermidis endocar- 
ditis occurred four days following aortic valve re- 
placement with a Bjórk-Shiley prosthesis. Antimi- 
crobial therapy, shown to be effective by in vitro and 
in vivo studies, failed to eradicate the infection. 
When rifampin was added to the existing antibiotic 
regimen, peak serum bactericidal activity increased, 
the patient defervesced, and blood cultures became 
negative. 


Staphylococcus epidermidis is a major cause of 
early endocarditis of the prosthetic valve [2]. 
The organism is usually a nonpathogenic com- 
ponent of skin flora and is susceptible in vitro 
to a number of antibiotics. However, S. epider- 
midis is virulent when it occurs with prosthetic 
cardiac valves and was associated with a 7596 
mortality with early infection of prosthetic 
valves in 8 patients reported by Slaughter and 
associates [6]. The following case report details 
the medical cure achieved when rifampin was 
added to the antibiotic regimen of a patient 
with early S. epidermidis prosthetic valve en- 
docarditis. 


A 34-year-old woman who had had rheu- 
matic fever when she was 9 years old, was seen 
with a two-year history of progressive dyspnea 
on exertion and intermittent chest pain. Car- 
diac catheterization revealed aortic stenosis 
with a gradient of 80 mm Hg. On January 31, 
1978, the patient underwent replacement of the 
aortic valve with a 19 mm Bjork-Shiley pros- 
thesis. Prophylactic antibiotics included 1 gm 
of cefazolin administered intramuscularly 
before operation and 1 gm of cephalothin ad- 
ministered intravenously every 6 hours post- 
operatively. Blood cultures on the fourth post- 
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operative day grew S. epidermidis. On the 
eighth postoperative day the patient was 
thought to have S. epidermidis endocarditis, and 
antibiotic therapy was instituted: vancomycin 
(1 gm every 12 hours given intravenously) and 
tobramycin (80 mg every 8 hours given intrave- 
nously). The minimal inhibitory concentration 
of vancomycin for the isolated organism was 
1.56 mg/ml, and minimal bactericidal concen- 
tration was 3.12 mg/ml. The minimal inhibitory 
concentration of tobramycin was 0.39 mg/ml, 
and the minimal bactericidal concentration was 
0.78 mg/ml. After seventeen days of this ther- 
apy, the patient was still febrile with positive 
blood cultures for S. epidermidis (Figure). 

Rifampin, 600 mg administered orally every 
day, was added to the antibiotic regimen on the 
twenty-sixth postoperative day. Subsequently, 
the patient defervesced and all blood cultures 
became negative. Laboratory studies showed a 
substantial increase in peak serum bactericidal 
activity from 1:16 with vancomycin and to- 
bramycin to 1:64 and 1:512 with the addition 
of rifampin. 

Antibiotics were continued for six weeks 
following the addition of rifampin. The doses of 
vancomycin and tobramycin were adjusted 
based on serum creatinine and drug levels. The 
patient showed no signs of recurrent infection 
and continues to do well eleven months after 
operation. 


Comment 

Rifampin is a major antituberculosis drug but 
also has been found to be an effective antibiotic 
against both 5. aureus and S. epidermidis infec- 
tions [4]. The efficacy of adding rifampin to 
antibiotic regimens that have failed to cure late 
S. epidermidis infections of the prosthetic valve 
has recently been reported [1, 3]. However, its 
effectiveness has not been demonstrated in 
early prosthetic valve endocarditis, which is as- 
sociated with a more virulent course and higher 
mortality than the late infections [3]. 
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Hospital course of a patient with Staphylococcus 
epidermidis prosthetic valve endocarditis. When 
rifampin was added to the regimen, an increase in anti- 
biotic peak serum bactericidal activity, negative blood 
cultures, and normalization of temperature occurred. 


This case report further substantiates the ef- 
fectiveness of rifampin by demonstrating a 
clinical cure of an early prosthetic valve infec- 
tion involving S. epidermidis that had failed to 
respond to an antibiotic regimen judged ade- 
quate by in vitro and in vivo tests. A possible 
reason for rifampin’s effectiveness is in vivo 
synergism as documented by the increase in 
peak serum bactericidal activity when rifampin 
is combined with vancomycin and tobramycin. 
Early bacterial resistance occurs when rifampin 
is used alone [1]; therefore, vancomycin and 
tobramycin were continued for the duration of 
therapy. 
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The Surgical Resection and Chemotherap 
of Metastatic Osteogenic Sarcoma of the Right Ventricle 


G. J. Magovern, M.D., M. F. Yusuf, M.D., G. A. Liebler, M.D., 


R. P. Pugh, M.D., and C. R. Joyner, M.D. 


ABSTRACT The case report of a patient with meta- 
static osteogenic sarcoma of the right ventricle who 
had had an interscapulothoracic amputation in Oc- 
tober, 1970, and a left lower lobectomy in June, 1973, 
for pulmonary metastasis is presented. The patient 
was hospitalized in October, 1974, with signs and 
symptoms of right ventricular outflow obstruction 
and arrhythmia, and cardiac workup established 
the presence of a right ventricular tumor. The le- 
sion was successfully resected using cardiopulmonary 
bypass, and the diagnosis of metastatic osteogenic 
sarcoma was confirmed. The patient did well after 
the operation and returned to normal activity. She 
was placed on adjuvant Adriamycin (doxorubicin) 
chemotherapy, but 6 months later died of Adriamy- 
cin toxicity. 

We recommend that patients with a history of os- 
teogenic sarcoma who are seen with any cardiac 
symptoms or electrocardiographic changes, be stud- 
ied thoroughly since definitive resection can occa- 
sionally be offered. 


Osteogenic sarcoma is an aggressive and in- 
variably fatal neoplasm, having a bimodal age 
incidence with peaks in the second and seventh 
decades of life. The prognosis of this resistant 
tumor is related mainly to the effects of metas- 
tases on the function of vital organ systems 
such as the heart, lungs, and brain. 

Cardiac metastases in patients with osteo- 
genic sarcoma have been reported [3, 9, 10, 20]. 
The heart is a poor nidus for metastatic 
cells, owing probably to its constant activity 
[21] and high flow rate. Most of the reported 
cases were diagnosed at postmortem examina- 
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tion; only in rare instances was the diagnosis of 
cardiac metastasis made prior to death. 

We are presenting the case report of a patient 
with osteogenic sarcoma with cardiac metas- 
tasis, which was diagnosed and successfully re- 
sected from the right ventricle and right ven- 
tricular outflow tract using cardiopulmonary 
bypass. The patient had an uneventful post- 
operative course and returned to normal activ- 
ity, but 5 months later died of Adriamycin 
(doxorubicin) toxicity. To our knowledge, this 
is among the first reports of a cardiac metastasis 
in a patient with osteogenic sarcoma that has 
been resected successfully and reported in the 
English literature. 


A 23-year-old white woman had a right in- 
terscapulothoracic amputation for osteogenic 
sarcoma in October, 1970. Subsequently, she 
underwent a left lower lobectomy for a met- 
astatic osteogenic sarcoma found on routine 
chest roentgenogram in June, 1973. The patient 
did well until October, 1974, when she began 
complaining of dizziness, headaches on exer- 
tion, blurring of vision, palpitations, and occa- 
sional syncope. She denied any history of 
rheumatic fever or heart murmurs in childhood. 

Physical examination showed a left paraster- 
nal heave with increase in the a wave in the 
jugular venous pulsation. Over the pulmonic 
area, there was a palpable systolic thrill and a 
grade 3/6 ejection systolic murmur with a loud 
P, and a decrescendo diastolic murmur at the 
lower left sternal border. There was also wide 
splitting of the second heart sound, which was 
variable with respiration. The lungs were clear 
on auscultation. 

Neurological workup was normal, as were 
the electroencephalogram and skull roentgeno- 
grams. Chest roentgenogram showed the car- 
diac shadow to be of normal size, shape, and 
position. There was no evidence of pulmonary 
metastasis or pleural effusion. Electrocardio- 
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Fig 1. Open arrow shows tumor mass in the pulmonary 
outflow tract during systole. Black arrow shows the 
tumor mass in the right ventricle (RV) during diastole. 
(PV = pulmonary valve; IVS = interventricular sep- 
tum.) 


gram showed right bundle-branch block asso- 
ciated with P wave changes suggestive of right 
atrial enlargement. Results of liver function 
tests and brain, bone, and liver scans were 
normal. 

On echocardiography (Fig 1), the interven- 
tricular septum exhibited a paradoxical motion 
consistent with right ventricular overload and 
enlargement. There were multiple echoes aris- 
ing from the pulmonary valve during systole 
and moving out of unison during diastole, 
giving the impression of a mass moving in and 
out of the pulmonary orifice during the cardiac 
cycle. 

Cardiac catheterization revealed the follow- 
ing values: right ventricle, 40/0 mm Hg (mean, 
13); pulmonary artery, 12/1 mm Hg (mean, 6); 
and right atrium, 15/5 mm Hg (mean, 11). A 
subvalvular gradient was noted in the right 
ventricle, and a diastolic gradient across the 
tricuspid valve was present also. The right 
ventriculogram (Fig 2) showed a large mass fill- 
ing a considerable portion of the right ventricle 
and the pulmonary outflow tract. A mobile ex- 
tension of the mass protruded through the 
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pulmonary valve during systole and retracted 
during diastole. 

Operation was performed on April 2, 1975. 
Through a median sternotomy incision and 
under cardiopulmonary bypass, right ventric- 
ulotomy confirmed the presence of a mul- 
tilobulated, firm, yellowish tan tumor mass. 
It was resected with a portion of the pos- 
terior right ventricular wall and part of the 
posterior papillary muscle of the triscuspid 
valve. The mass measured 6 X 5 X 3 cm, mark- 


Fig 2. Right ventriculogram during systole showing the 
tumor mass in both the pulmonary outflow tract and the 
right ventricle (RV). White arrows point to the pulmo- 
nary valve. Black arrows indicate the tumor. (PA 

— pulmonary artery.) 
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edly obstructed the right ventricular outflow 
tract, and also protruded through the pulmo- 
nary valve. The pulmonary valve itself was 
distorted but not invaded by the tumor. At the 
time of operation, the tumor was invading sev- 
eral areas of the posterior wall of the ventricle, 
and it was impossible to tell if all of it had been 
excised. There were local areas of calcification 
and hemorrhage. Histological examination re- 
vealed the tumor to be an osteogenic sarcoma. 
Comparing slides of the cardiac tumor with 
slides of the primary tumor demonstrated that 
it was a metastatic lesion. 

The postoperative course was uneventful. 
Physical examination revealed murmurs con- 
sistent with pulmonary and tricuspid regurgi- 
tation. A repeat echocardiogram revealed only 
paradoxical motion of the septum. Repeat car- 
diac catheterization provided the following 
values: right atrium, 25/10 mm Hg (mean, 15); 
right ventricle, 30/5 mm Hg (mean, 15); and pul- 
monary artery, 30/18 mm Hg (mean, 23). The 
cineangiogram revealed moderately severe 
pulmonary and tricuspid regurgitation. The 
patient was discharged on the fourteenth post- 
operative day. 

She was readmitted 1 month later for che- 
motherapy because it was thought that the 
tumor was not removed entirely at operation. 
There was also a suspicious pulmonary nodule 
in the right lower lobe. The agent used was Adri- 
amycin, administered by the adjuvant sched- 
ule of Cortes and co-workers [3]. The patient's 
body surface area was 1.54 m”. The schedule for 
Adriamycin was 90 mg/m? administered intra- 
venously over three days and repeated at 
monthly intervals for a total of 6 months or 540 
mg/m’, 

Over the next 5 months, the patient received 
four courses of Adriamycin chemotherapy, to- 
taling 510 mg or 330 mg/m’. Following the sec- 
ond course, severe mouth ulcers and neutro- 
penia developed, and there was a drop in the 
platelet count to 40,000/mm?, During the fourth 
course and within twenty-four hours of the sec- 
ond dose of Adriamycin, tachycardia, elevated 
jugular venous pulse, bilateral basilar rales, an 
S, gallop, and a weight gain of 1.36 kg were 
noted. Treatment with digoxin and diuretics for 
congestive heart failure was initiated. The pa- 


tient’s condition continued to deteriorate; she 
became unresponsive to all aggressive car- 
diopulmonary resuscitative measures and died 
six hours after the onset of symptoms. Post- 
mortem examination revealed no evidence of 
metastatic osteogenic sarcoma. Histological ex- 
amination of the myocardium showed that 
the myocardial fibers were fragmented with 
marked capillary congestion. No inflammatory 
cells were visible. Edema of the myocardial fi- 
bers and a few areas of interstitial fibrosis were 
noted. 

Although the patient had moderately severe 
pulmonary and tricuspid valve insufficiencies, 
the cardiac status had been stable and did not 
require any cardiac pharmacological support to 
enable her to perform the activities for New 
York Heart Association Functional Class I. Be- 
cause of the acute onset of cardiac failure during 
the fourth course of Adriamycin during an 
elective hospital admission, it was thought that 
cardiac deterioration was primarily a result of 
Adriamycin toxicity. 


Comment 

It is important from an academic, therapeutic, 
and prognostic standpoint that an antemortem 
diagnosis of secondary cancer of the heart be 
made. Although the chances for cure are small, 
Shelburne and Aronson [19] showed that in 
patients who are unresectable, high voltage ir- 
radiation of the cardiac region may greatly 
ameliorate their condition. In 1930, Willius and 
Amberg [20] reported on a patient with meta- 
static cancer of the heart diagnosed before 
death. Since then, there have been reports of 
patients diagnosed before death, but none were 
successfully operated on mainly because they 
were terminal patients. In their review of 35 
patients with secondary tumor of the heart, 
Herbut and Maisel [9] found the symptoms to 
include progressive cardiac failure that fails to 
respond to the usual treatment, dyspnea, and 
angina pectoris. Cardiac arrhythmias, heart 
block, atrial flutter and fibrillation, cardiac 
murmurs, pericardial effusions either simple, 
hemorrhagic or fibrinous, and mediastinal 
compression were also described. Dyspnea was 
the most common symptom. In 17 of their pa- 
tients, the presence of cancer elsewhere in the 
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body was known early enough to allow an an- 
temortem diagnosis. However, in each in- 
stance, the findings were so obscure and pro- 
tean that cardiac metastasis was not diagnosed 
before death in any of them. Garvin [7], and 
Gassman [8], Biran [1], and their associates 
have done reviews of the subject. 

Price and colleagues [18] reported that fol- 
lowing operative treatment to control the pri- 
mary tumor in osteogenic sarcoma, 49% (38 of 
77) of their patients showed metastases 5 
months later. After doing a survival analysis, 
Miller [16] concluded that microscopic lung 
metastases were present at the time of amputa- 
tion to control the primary tumor. Marcove and 
associates [12, 13] and Marks [15] demonstrated 
an increased five-year survival of 3196 if pul- 
monary metastases, either single or multiple, 
are excised during the follow-up period. This is 
compared with a five-year survival of 2% if the 
pulmonary metastases are not resected [12]. 
Marcove and co-workers [13] recommended 
wedge resections (staged resection for bilateral 
metastases) for pulmonary metastases provid- 
ing the primary lesion is controlled and signs of 
distant metastases to other organ systems are 
absent. They also consider patients with in- 
volvement of the primary bronchial tree or 
myocardium, diffuse pleural involvement with 
a bloody effusion, and with distant bony 
metastasis as being inoperable. In their series, 
59 thoracotomies were performed in 22 chil- 
dren, with 1 patient having 11 metastatic nod- 
ules excised [14]. 

Cardiac metastasis has been shown to occa- 
sionally precede pulmonary metastasis in os- 
teogenic sarcoma. In our patient, the known 
pulmonary metastasis preceded the cardiac in- 
volvement by 16 months. Since she was other- 
wise free from disease, excision of the cardiac 
metastasis was done as a palliative procedure to 
control arrhythmia. Because postmortem ex- 
amination showed no evidence of tumor in the 
heart five months following operation, the pro- 
cedure might have been curative. 

Adjuvant chemotherapy in conjunction with 
operation has been shown to be effective in 
controlling or delaying the appearance of 
metastases of osteogenic sarcoma [5]. It is be- 
lieved that chemotherapy is effective against 


micrometastases and, therefore, should be 
started early after operation. Price [18], Mar- 
cove [14], and their associates have shown that 
chemotherapeutic agents, started as soon as 
possible after amputation and administered in 
intermittent courses, decrease recurrence and 
increase the disease-free interval. The most 
commonly used agents are L-phenylalanine 
mustard (melphalan), Adriamycin, cyclophos- 
phamide, methotrexate in high doses, vincris- 
tine, and imidazole carboxamide, either alone 
or in combination. At the time of our patient's 
admission, one of the most promising results 
for adjuvant chemotherapy in patients with 
osteogenic sarcoma had recently been de- 
scribed by Cortes and co-workers [3]. The pro- 
jected disease-free survival at 18 months 
utilizing Adriamycin as a single dose in the 
schedule they outlined was 7196 in contrast to 
an expected rate of 30% in patients treated 
curatively without adjuvant chemotherapy. 
Adriamycin is a glycosidic anthracycline 
antibiotic that is active against a wide variety of 
tumors. One study indicated that Adriamycin 
binds to DNA and inhibits DNA synthesis [4]. 
Of special interest is the finding that it binds 
very tightly to myocardial DNA, which is con- 
sistent with the cardiomyopathy caused by this 
drug. Tachycardia, arrhythmias, and S-T seg- 
ment and T wave changes in the ECG may be 
early manifestations of cardiac toxicity. Severe 
and rapidly progressive congestive heart failure 
can follow. Nonspecific alterations, including a 
decrease in the number of myocardial fibrils, 
mitochondrial changes, and cellular degenera- 
tion, are visible by electron microscopy [11]. 
The frequency of cardiomyopathy is negligi- 
ble at total doses less than 500 mg/m*. The risk 
of cardiac toxicity increases markedly to greater 
than 20% at total doses higher than 550 mg/m’. 
A prior history of cardiothoracic radiation ther- 
apy also increases the incidence of car- 
diomyopathy, and a total dosage of 450 mg/m* 
should not be exceeded. The presence of 
preexisting cardiac disease adds to the risk of 
cardiac toxicity of Adriamycin. Because Adri- 
amycin is primarily metabolized and excreted 
by the liver, it is important to reduce the dosage 
in patients with impaired hepatic function [2]. 
The patient received a total dose of 330 
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mg/m’, and liver function tests four days prior 
to her death were normal. Careful noninvasive 
cardiac evaluation was done before each course 
of Adriamycin therapy, and it was hoped that 
the patient remained at a safe range of drug 
administration. However, the difficulties of 
prospectively predicting anthracycline cardio- 
toxicity are stressed in a recent thorough re- 
view [17]. 

In 1978, Friedman and co-workers [6] dem- 
onstrated that even at low doses cardiotoxicity 
can occur. By light and electron microscopy, 
they examined endomyocardial biopsy speci- 
mens obtained from 4 patients with malignant 
disease and compared cardiac function test ob- 
tained before, during, and after treatment. The 
biopsy showed Adriamycin injury in those pa- 
tients receiving only 180 mg/m’, although car- 
diac functions were normal. The authors con- 
cluded "that we should assume that cardiac 
damage occurs even with low doses of adriamy- 
cin and its progress with larger total doses.” 

Since it is well known that patients with total 
excision of the tricuspid valve for subacute 
bacterial endocarditis function normally if there 
is no left-side valve involvement, it is our con- 
viction that our patient most likely died as a 
result of drug toxicity. If similar therapy is 
contemplated, endomyocardial biopsy should 
be performed for monitoring the drug dosage. 
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Medtronic leads the way 
to man’s heart with a remarkable 
new generation of pacemakers. 


Spectrax™..an exceptional new family of 
pacemakers from Medtronic...provides an 
abundance of viable alternatives for meeting 
individual patient needs. 

Spectrax-VL...a small, simple, demand 
pacemaker for longer service life. 

Spectrax-SX ...the smallest, most versatile 
programmable pacemaker yet, for precise 
noninvasive adjustment of rate, pulse width, 
sensitivity, refractory period, hysteresis, pulse 
amplitude and pacing modes, can be used as a 
ventricular or atrial pacemaker. 

Both the Spectrax-VL pacemaker and the 
Spectrax-SX pacemaker have the Medtronic 
Pacing for Life™ warranty. 

The Spectrax family provides for precise 
management of a wide variety of conditions. 
This extensive flexibility can make possible a 
more comfortable, normally active life for 
many patients. 





... broadening the spectrum of precise patient management 


Ad Medtronic: 


... leading the way to man’s heart 


MEDTRONIC PRODUCT 
INFORMATION SUMMARY 


Medtronic® Implantable Pulse Generators 


Intended Uses—Ventricular pacing using an implantable 
ventricular pulse generator and lead system are for long- 
term therapeutic control of heart rate in patients with im- 
pulse formation or conduction disorders leading to bradyar- 
rhythmias, tachyarrhythmias and heart block (see product 
apang for detailed list of intended uses). An atrial pulse 
generator is for long-term therapeutic control of heart rate in 
patients with impulse formation disorders but with intact, 
functioning A-V conduction systems. 


Contraindications—There are no known contraindications 
to the use of pacing as a therapeutic modality for the control 
of heart rate in patients with normal conduction systems. In 
certain patients with anomalies of the conduction system 
(WPW syndrome and related conditions), patients may be 
benefited or harmed by cardiac pacing. Therefore, elec- 
trophysiologic studies are required prior to therapeutic ap- 
plication of pacing. In addition, the patient's age and medi- 
cal condition may dictate the particular pacing system and 
implantation procedure used by the physician. 


Warnings —Diathermy should not be used on patients with 
pacemakers because of possible heat damage to elec- 
tronic components. Electrosurgical units should never be 
used in the vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar mode because 
of danger of introducing fibrillatory currents into the heart 
via the implanted pulse generator/lead. Pulse generators 
may be damaged by defibrillatory discharges if the paddles 
are placed over the implanted pulse generator. (See prod- 
uct labeling for a complete list of warnings and precau- 
tions.) 


Precautions—The physician should be aware that all pulse 
generators will ultimately cease to function due to cell de- 
pletion and may fail at any time due to random component 
or battery failures which cannot be predicted prior to failure. 
Also, that the pacing system may cease to function at any 
time due to lead-related problems such as displacement, 
fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be 
affected by electrical interference from certain electrical 
equipment. 


Side Effects — Body rejection phenomena, including local 
tissue reaction, muscle and nerve stimulation, infection, 
erosion of pulse generator/lead through skin, transvenous 
lead-related thrombosis, embolism and cardiac tam- 
ponade. 


Model 9700/9701 Programmers 


Intended Use—The Medtronic® Model 9700 and 9701 Pro- 
grammers are designed to be used by a physician for 
noninvasively programming the Medtronic® pulse 
generators listed in their respective technical manuals. The 
programmers may also be used to measure the rate and 
pulse width of implanted pacemakers. 

There are no known contraindications or major poten- 
tial complications associated with use of the programmer. 
However, these devices should not be used without prior 
study of the technical manual supplied with each pro- 
grammer. 


Warnings The programmers should only be used for pro- 
gramming the Medtronic® pulse generators designated in 
the respective technical manuals. Direct stimulation by 
energy coupling may occur if the programmers are used on 
other implanted devices. The programmers are not compat- 
ible with pulse generators of other manufacturers. See 
product labeling for a complete list of warnings and precau- 
tions. 


CHARLES C THOMAS « PUBLISHER 


LIFE AND DEATH DECISIONS edited by Arthur 
Winter, Hospital Center at Orange, Orange, New Jersey. 
(6 Contributors) The contributors to this timely book 
grapple with the medical, legal, moral and economic 
problems involved in decisions to begin or withhold, to 
continue or suspend extraordinary technological support 
of life. Decision-making guidelines, life and death deci- 
sions related to newborns, parent counseling, the re- 
sponsibility of the physician, and pertinent legislation are 
among the areas explored. '80, 88 pp., $10.50 


MONITORING SURGICAL PATIENTS IN THE OP- 
ERATING ROOM edited by J. S. Gravenstein, Case 
Western Reserve Univ., Cleveland, Ohio; Ronald S. New- 
bower, Harvard Univ., Cambridge, Massachusetts; Allen 
K. Ream, Stanford Univ., Stanford, California; and N. Ty 
Smith, Univ. of California, San Diego. (34 Contributors) 
Clinical aspects, developing trends and new concepts are 
reviewed in this volume with emphasis on cardiovascular, 
respiratory and central nervous system monitoring. Spe- 
cific topics include systolic time intervals, the electro- 
encephalogram, ventilation, automated systems and legal 
considerations. '79, 288 pp., 78 il., 19 tables, $24.75 


GENETICS AND COUNSELING IN CARDIOVAS- 
CULAR DISEASES by James J. Nora and Audrey H. 
Nora, both of Univ. of Colorado Medical Center, Denver. 
The authors discuss the familial nature of cardiovascular 
diseases and the interrelationship of genetic and environ- 
mental factors in the occurrence of such diseases. Seven 
types of diseases and their genetic and counseling consid- 
erations are examined. ’78, 240 pp., 77 il., 27 tables, $19.50 


A MANUAL OF THORACIC SURGERY by Arndt von 
Hippel, Private Practice, Anchorage, Alaska. Foreword by 
Alfred Tector. This practical manual focuses on the 
manner in which physiology and surgery relate to closed 
chest drainage. The author presents useful approaches, 
expands upon proven practices, and identifies hazards 1n- 
herent in many drainage devices. Cardiovascular Radi- 
ology said, “For all those interested in thoracic surgical 
problems, this book provides a refreshing iteration of 
problems, sometimes mundane, but always important in 
general thoracic surgical management." '78, 264 pp., 9 il., 
cloth-$17.50, paper-$10.75 


THE ADULT POSTOPERATIVE CHEST by Myron 
Melamed; Florencio A. Hipona, Harvard Medical School, 
Boston; Carlos J. Reynes, Loyola Univ., Maywood, Illi- 
nois; Walter L. Barker, Univ. of Illinois, Chicago; and 
Santiago Paredes, Boston Univ. School of Medicine, 
Boston. Foreword by Hiram T. Langston. This study of 
adult pulmonary and cardiovascular radiography after 
surgery evaluates the extraneous factors imposed upon x- 
ray film by the surgical act, and it offers an atlas for 
comparison of problem pictures. '77, 396 pp., 578 il., 1 
table, $40.00 


ESOPHAGEAL HIATUS HERNIA: Rationale and Re- 
sults of Anatomic Repair by Thomas Gahagan and 
Conrad R. Lam, Henry Ford Hospital, Detroit. This text 
delineates techniques and results of esophageal hiatus 
hernia surgery. Esophageal complications of hiatal hernia 
are considered. Anatomic principles in relation to such 
esophageal complications receive special attention. 76, 
208 pp., 161 il., 1 table, $24.75 
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en 

about GORE-TEX: | 
reinforced PTFE 
vascular grafis. 


And why. 


Presented here is the most current 
bibliography of papers concerning the 
use, and effectiveness, of GORE-TEX 
vascular grafts. 

We are pleased with the number 
of surgeons who have chosen to work 
with, and report on, GORE-TEX 
grafts. The papers listed here represent 
the independent findings of respected 
surgeons, none of whom are connected 
with Gore. 

We are particularly pleased that 
the most recent papers are at least as 
positive in their findings as the early 
ones. And that reported patency rates 
continue tohold firm, even as the 
rate of use increases. 

We still believe that prudence 
and experience indicate the saphenous 
vein as the graft of choice, whenever 
it is available, in good condition, and 
when its removal would not increase 
surgical risk. But the more data we 
accumulate, the more certain we 
become that the GORE-TEX graft is the 
next-best alternative to autografts. 

We wish we had a more substan- 
tial body of long-term clinical data 
(five years follow-up and beyond) to 
offer you as proof. But that is simply 
a matter of time and circumstance. 
Our longest-term patients are just now 
reaching the five-year mark; others 
will soon follow. As our clinical data 
is updated, we'll continue to publish 
the results, so that you can stay in- 
formed of long-term patency. 


Free reprints, 
test-pack. 


You can have your choice of any 
of the papers listed below, just by using 
the coupon in this advertisement. 

In addition, so that you can test 
the handling and suture-holding 
characteristics of GORE-TEX grafts 
in the most meaningful fashion, we'll 
also be glad to send you a test kit. This 
kit, not intended for actual surgery, 
includes a short length of GORE-TEX 
graft and a 6-0 double-armed suture. 
Just check the appropriate box. 


1. Use in Lower Limbs 


a. The Expanded Polytetrafluoroethylene Graft 
M. Haimov, M.D., Archives of Surgery 114: 
673-677, 1979; copyrighted by American Medical 
Association, Chicago, Illinois. 

b. Expanded Microporous Polytetrafluoroethylene 
as a Vascular Substitute: A Two Year Follow-Up 
C. D. Campbell, M.D., Surgery 85: 177-183, 1979; 
copyrighted by The C. V. Mosby Company, 

St. Louis, Missouri. 

c. Comparison of Expanded Polytetrafluoro- 
ethylene and Autologous Saphenous Vein Grafts 
in High Risk Arterial Reconstructions for Limb 
Salvage Frank J. Veith, M. D., Surgery, Gynecology 
& Obstetrics 147: 749-752, 1978: copyrighted by 
The Franklin H. Martin Memorial Foundation, 
Chicago, Illinois. 

d. Expanded Polytetrafluoroethylene Grafts in 
Reconstructive Arterial Surgery — Preliminary 
Report of the First 110 Consecutive Cases for Limb 
Salvage Frank J. Veith, M. D., The Journal of the 
American Medical Association 240: 1876-1879, 
1978; copyrighted by The American Medical 
Association, Chicago, Illinois. 

e. Nonvein Bypass in Below-knee Reoperation 

for Lower Limb Ischemia John J. Bergan, M. D., 
Surgery 84: 417-424, 1978; copyrighted by The 

C. V. Mosby Company, St. Louis, Missouri. 

f. Initial Experience with the Polytetrafluoro- 
ethylene Graft for Limb Salvage: A Report on 
Twenty Patients P. D. Fry, M. D., The American 
Journal of Surgery 136: 193-197, 1978; copyrighted 
by Technical Publishing Company, New York, 
New York. 
g. The Use of Expanded Microporous Polytetra- 
fluoroethylene for Limb Salvage: A Preliminary 
Report C. D. Campbell, M. D., Surgery 79: 485-493, 
1976; copyrighted by The C. V. Mosby Company, 
St. Louis, Missouri. 
h. Physical Characteristics of Implanted Poly- 
tetrafluoroethylene Grafts—A Preliminary Report 
Richard F. Kempczinski, M. D., Archives of Sur- 
gery, 917-919, 1979; copyrighted by The American 
Medical Association, Chicago, Illinois. 


2. Extra-anatomical Use 

a. Extra-Anatomic Bypass with Expanded Poly- 
tetrafluoroethylene C. D. Campbell, M. D., 
Surgery, Gynecology e) Obstetrics 148: 525-530, 
1979; copyrighted by The Franklin H. Martin 
Foundation, Chicago, Illinois. 

b. New Approaches to Limb Salvage by Extended 
Extra-Anatomic Bypasses and Prosthetic Recon- 
structions to Foot Arteries Frank J. Veith, M. D., 
Surgery 84: 764-774, 1978; copyrighted by the 

C. V. Mosby Company, St. Louis, Missouri. 


3. Use as Arterio-Venous Fistulae 


a. Vascular Access: Long-term Results, New 
Techniques W. Peter Geis, M. D., Archives of Sur- 
gery 114: 403-409, 1979; copyrighted by American 
Medical Association, Chicago, Illinois. 
b. Expanded Polytetrafluoroethylene Graft Fistula 
for Chronic Hemodialysis Vivian A. Tellis, M. D. 
Annals of Surgery 189: 101-105, 1979; copyrighted 
by J. B. Lippincott Company, Philadelphia, 
Pennsylvania. 
c. Expanded Polytetrafluoroethylene as Dialysis 
Access Grafts: Serial Study of Histology and Fibri- 
nolytic Activity R. Shack, M. D., The American 
Surgeon 43: 817-825, 1977; copyrighted by The 
J. B. Lippincott Company, Philadelphia, 
Pennsylvania. 
d. Peripheral Blood Access for Hyperalimenta- 
tion: Use of Expanded Polytetrafluoroethylene 
Arteriovenous Conduit T. J. Buselmeier, M. D., 
The Journal of the American Medical Association, 
1977: copyrighted by American Medical Associa- 
tion, Chicago, Illinois. 
e. A Prosthesis for Blood Access in Patients with 
Thrombosis of Peripheral Vasculature T. J. Busel- 
meier, M. D. Dialysis e? Transplantation 6: 48-49, 
1977; copyrighted by Dialysis & Transplantation, 
Sherman Oaks, California. 
f. A Synthetic Vascular Conduit (Expanded PTFE) 
for Hemodialysis Access — A Preliminary Report 
B. M. Pasternak, M. D., Vascular Surgery 11: 99-102, 
1977; copyrighted by Angiology Research Founda- 
tion, Great Neck, New York. 


g. Polytetrafluoroethylene Grafts for Arteriovenous 
Fistulae: Preliminary Report A. H. Mohaideen, 

M. D., New York State Journal of Medicine 76: 
2152-2155, 1976; copyrighted by The Medical 
Society of the State of New York, Lake Success, 
New York. 


4. Aorta-Coronary and Pulmonary Use 


a. Aorta-Pulmonary Artery Shunts with Expanded 
Polytetrafluoroethylene (PTFE) Tube S. Subra- 
manian, M. D., The Annals of Thoracic Surgery 
27: 413-417, 1979; copyrighted by The Society of 
Thoracic Surgeons. 

b. Repair of Type B Interruption of the Aortic 
Arch in a Three Day Old Infant Using Micro- 
porous Expanded Polytetrafluoroethylene Arterial 
Prosthesis James S. Donahoo, M. D., Journal of 
Cardiovascular Surgery 20: 57-60, 1979; copy- 
righted by J. B. Lippincott Company, Philadelphia, 
Pennsylvania. 

c. Use of Microporous Expanded Polytetrafluoro- 
ethylene Grafts for Aorta-pulmonary Shunts in 
Infants with Complex Heart Disease Rufus B. 
Jennings, Jr., M. D., The Journal of Thoracic and 
Cardiovascular Surgery 76: 489-494, 1978; copy- 
righted by The C. V. Mosby Company, St. Louis, 
Missouri. 
d. Aorta-coronary Artery Revascularization with 
an Expanded Polytetrafluoroethylene Vascular 
Graft Taro Yokoyama, M. D., and Jerome Harold 
Kay, M. D., The Journal of Thoracic and Cardio- 
vascular Surgery 76: 552-555, 1978; copyrighted by 
The C. V. Mosby Company, St. Louis, Missouri. 
e. Coronary Bypass with GORE-TEX* Graft 

J. Ernesto Molina, M. D., The Journal of Thoracic 
and Cardiovascular Surgery 75: 769-771, 1978; 
copyrighted by The C. V. Mosby Company, 

St. Louis, Missouri. 

f. Arterial Prosthesis of Microporous Expanded 
Polytetrafluoroethylene for Construction of Aorta- 
pulmonary Shunts Alan B. Gazzaniga, M. D., 
The Journal of Thoracic and Cardiovascular Sur- 
gery 72: 356-363, 1976; copyrighted by The C. V. 
Mosby Company, St. Louis, Missouri. 


5. Venous Use 

a. Interposition Grafting with Expanded Poly- 
tetrafluoroethylene for Portal Hypertension Allan 
D. Callow, M. D., Surgery, Gynecology, €) Obstet- 
rics 48: 187-190, 1979; copyrighted by The Franklin 
H. Martin Memorial Foundation, Chicago, Illinois. 
b. Patency of Biologic and Prosthetic Inferior 

Vena Cava Grafts with Distal Limb Fistula Samuel 
Wilson, M. D., Archives of Surgery 113: 1174-1179, 
1978; copyrighted by The American Medical Asso- 
ciation, Chicago, Illinois. 

c. Segmental Venous Replacement: A Compari- 
son of Biological and Synthetic Substitutes David 
E. Smith, The Journal of Thoracic and Cardio- 
vascular Surgery 69: 589-598, 1976; copyrighted by 
The C. V. Mosby Company, St. Louis, Missouri. 

d. Replacement of Portal Vein During Pancrea- 
tectomy for Carcinoma B. Eiseman, M. D., Surgery 
77: 280-284, 1975; copyrighted by The C. V. Mosby 
Company, St. Louis, Missouri. 

e. Use of GORE-TEX Grafts for Replacement of 
the Superior and Inferior Venae Cavae Lawrence 
H. Cohn, M. D., The Journal of Thoracic and 
Cardiovascular Surgery 67: 774-779, 1976; copy- 
righted by The C. V. Mosby Company, St. Louis, 

f. ANew Venous Prosthesis T. Soyer, M. D., 
Surgery 72: 862-872, 1972; copyrighted by The 

C. V. Mosby Company, St. Louis, Missouri. 


6. Cerebral Surgery 


a. Cerebral Revascularization: Proximal External 
Carotid to Distal Middle Cerebral Artery Bypass 
with A Synthetic Tube Graft Jim L. Story, M. D., 
Neurosurgery 3: 61-65, 1978; copyrighted by The 
Congress of Neurological Surgeons, Winston- 
Salem, North Carolina. 
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7. Experimental Work 

a. Alloplastic Replacement of the Canine Ureter 
by Expanded Polytetrafluoroethylene (Gore-Tex®) 
Grafts K. Dreikorn, European Urology 4: 379-38], 
1978; copyrighted by S. Karger A.G., Basel, 
Switzerland. 

b. Small Vessel Replacement with GORE-TEX 
(Expanded Polytetrafluoroethylene) Lawrence H. 
Cohn, M. D., Archives of Surgery 111: 267-270, 
1976; copyrighted by The American Medical 
Association, Chicago, Illinois. 

c. A Small Arterial Substitute: Expanded Micro- 
porous Polytetrafluoroethylene: Patency Versus 
Porosity C. D. Campbell, M. D., Annals of Surgery 
182: 138-143, 1975; copyrighted by The J. B. 
Lippincott Company, Philadelphia, Pennsylvania. 
d. A New Vascular Prosthesis for a Small Caliber 
Artery Hiroshi Matsumoto, M. D., Surgery 74: 
519-523, 1973; copyrighted by The C. V. Mosby 
Company, St. Louis, Missouri. 


8. Miscellaneous Studies 

a. Surgical Experience with Expanded Polytetra- 
fluoroethylene (PTFE) as a Replacement Graft for 
Traumatized Vessels Kenneth L. Mattox, M. D., 
The Journal of Trauma 19: 403-408, 1979; copy- 
righted by The Williams & Wilkins Company, 
Baltimore, Maryland. 

b. Prevention of Platelet Aggregation and Adher- 
ence to Prosthetic Vascular Grafts by Aspirin and 
Dipyridamole James A. DeWeese, M. D., Surgery 
84: 37-44, 1978; copyrighted by The C. V. Mosby 
Company, St. Louis, Missouri. 
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GORE-TEX” 
vascular grafts, 
in brief. 


GORE-TEX vascular grafts are 
made of expanded, low density 
polytetrafluoroethylene (PTFE), rein- 
forced by a strong, fine lattice of 
the same material wound about the 
exterior. 

GORE-TEX vascular grafts 
are easy to handle and kink-resistant. 
They exhibit high suture-holding 
power. And they are, of course, fully 





biocompatible. Unlike knitted or 


woven prostheses, they do not require 


pre-clotting. 

GORE-TEX vascular grafts are 
available in a wide range of diameters, 
up to 22mm. 


Instructions 
for use. 





| Opening the Package: 


Place one hand on the PVC blister tray 

and peel back the cover with the other hand. 
Remove the GORE-TEX graft from the tray 
using clean gloves or forceps. 

To Sterilize: 

Grafts may be sterilized using steam or gas 
techniques. Remove the graft from the PVC 
blister tray and repackage it for sterilization. 


Take care not to place the graft under heavy 

or sharp objects during sterilization which 

might crush the graft. Insure that you do not 

attempt to sterilize the label attached to the 
= PVC blister tray with the graft, as the ma- 
terials on the label (inks and adhesives) may 
. contaminate any objects in contact with the 
Et et during the sterilization cycle. 





lizer, autoclave at or above these minimum 
requirements: 270°F (132°C) for 15 minutes 
at 30 psi. Grafts must never be exposed to 
temperatures greater than 482°F (250°C). 
Using a pre-vacuum steam sterilizer, auto- 
clave at or above these minimum require- 
ments: 270°F (132°C) for 4 minutes at 30 psi. 
Grafts should never be exposed to tempera- 
tures greater than 482°F (250°C). 


eee Se according to equipment 





Do not acad this graft by radiation tech- 
niques. 
The GORE-TEX graft may be sterilized many 


or structural integrity. If the graft is handled 


gently, with gloved hands or clean instru- 
. ments and without undue manipulation, 
unused portions of the graft may be sterilized 


as often as necessary. Do not attempt to 
re-sterilize any unused graft portion that has 
been contaminated with blood or any foreign 
material. 


Instructions: 

1. Use a 5-0 or 6-0 non-absorbable suture 
with a cardiovascular needle for best results 
on graft diameters of 6mm or less. Larger 
sutures may be used with larger diameter 
grafts. Use only non-absorbable sutures. 


2. Intra-operative inspection of anastomoses 
using irrigant solutions may result in serum 
leakage when blood flow is established in 
the graft. To prevent this, care must be taken 
not to generate syringe pressures sufficient 

to force irrigant through the graft walls. To do 
so will alter the hydrophobic (non-wetting) 
properties of GORE-TEX grafts. 

3. Trim grafts to desired length using sharp 
surgical instruments. Grafts should be han- 
dled with clean forceps or gloves. GORE-TEX 
grafts are not "elastic! Therefore, proper 
matching of lengths is essential. If the graft 
is cut too short, excessive stress may be 
placed on the sutures, vessel, or graft at the 
anastomosis. 


4. Bleeding from suture holes may be mini- 
mized by using as small a suture needle as 
possible; and by following the curve of the 
needle through the graft wall. Topical 
thrombin solution may be applied to the 
suture line in conjunction with Surgicel* or 
Oxicel* soaked in thrombin to aid in mini- 
mizing anastomotic bleeding. 

5. Ensure, when using this graft in blood 
access applications or where repeated 
needle punctures of the graft are nec- 
essary, that needle puncture sites 

are spaced apart along the accessible 
subcutaneous length of the graft. 
Repeated needle puncture of the 
graft at the same site, or within 
the same immediate area, 
may cause mechanical 
damage to the graft 


which could lead to hematoma, false 
aneurysm or true aneurysm. Patients should 
be carefully monitored to assure that this 
instruction is followed. 

Precautions: 

1. Do not pre-clot the graft. 

2. Do not cut the graft while holding under 
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Should the outer reinforcing layer become 
frayed at the end of the graft, do not pull 

on or peel the outer layer from the base tube. 
Carefully trim off the portion of the graft 
where the outer layer is frayed. 


3. Do not allow the graft to become wetted. 
The normally hydrophobic GORE-TEX Vas- 
cular Graft can be wet with organic solvents 
such as alcohol or Betadine”; by excessive 
manipulation of the graft with blood prior to 
bringing it through the tunnel; or by for- 
cing irrigating solutions through the wall. 
Wetting prior to establishing blood flow 
may create a condition which could allow 
persistent plasma leakage. 

4. Do not puncture the graft repeatedly at 
the same site, or within the same immediate 
area. (See Instruction #4.) 


Please Note: 

Our animal data does not support the use 

of this graft in aorta-coronary bypass applica- 

tions. We have insufficient clinical data on 

which to base any conclusions regarding 

this application. We 

also have insuffi- 
cient data on which 

to recommend 

its use as patch 

material. 
























excessive tension. Doing so may cause separa- / 


tion of the outer layer. The GORE-TEX graft 
is a composite structure consisting of an inner 
base tube and a thin outer layer which 
reinforces the base tube to prevent aneurys- 
mal dilation. Do not use any portion of a 
GORE-TEX graft which has damage to, or 
separation of, the outer layer of the graft. 


*Surgicel is a registered trademark of Surgikos 
Johnson/Johnson 

*O xycel is a registered trademark of Parke-Davis, Inc. 

*Betadine is a registered trademark of 
Purdue Frederick Co., Norwalk 
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Cefamandole Nafate 





Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mandol is indicated for the treatment of serious infec- 
tions caused by susceptible strains of the designated microorganisms in the 
diseases listed below: 

Lower respiratory infections, including pneumonia caused by Streptococ- 
Cus pneumoniae (Diplococcus pneumoniae), Haemophilus influenzae, 
Klebsiella species, Staphylococcus aureus (penicillinase and non- 
penicillinase-producing), beta-hemolytic streptococci, and Proteus 
mirabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (both 
indole-negative and indole-positive), Enterobacter species, Klebsiella 
species, group D streptococci (Note: Most enterococci, e.g., S. faecalis, 
are resistant), and S. epidermidis 

Peritonitis caused by E. coli and Enterobacter species 

Septicemia caused by E. coli, S. aureus (penicillinase and non-penicillinase- 
producing), S. pneumoniae, S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and 
non-penicilinase-producing), S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, E. coli, Enterobacter species, and P. mirabilis 

Bone and joint infections caused by S. aureus (penicillinase and non- 
penicillinase-producing) 

Clinical microbiologic studies in nongonococcal pelvic inflammatory 
disease in females, lower respiratory infections, and skin infections frequently 
reveal the growth of susceptible strains of both aerobic and anaerobic orga- 
nisms. Mandol has been used successfully in these infections in which several 
organisms have been isolated. Most strains of Bacteroides fragilis are resistant 
in vitro; however, infections caused by susceptible strains have been treated 
successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate 
and identify causative organisms and to determine their susceptibilities to 
cefamandole. Therapy may be instituted before results of susceptibility studies 
are known; however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative 
Sepsis or in patients with other serious infections in which the causative orga- 
nism has not been identified, Mandol may be used concomitantly with an 
aminoglycoside (see Precautions). The recommended doses of both anti- 
biotics may be given, depending onthe severity of the infection and the patient's 
condition. The renal function of the patient should be carefully monitored, 
especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should con- 
tinue for at least ten days. 


Contraindication: Mandol is contraindicated in patients with known allergy to 
the cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL IN- 
QUIRY SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS 
HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAU- 
TIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMON- 
STRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. SERIOUS 
ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

In newborn infants, accumulation of other cephalosporin-class antibiotics 
(with resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidney function, 
evaluation of renal status is recommended, especially in seriously ill patients 
receiving maximum doses. 

Prolonged use of Mandol may result in the overgrowth of nonsusceptible 
organisms. Careful observation of the patient is essential. If superinfection 
occurs during therapy, appropriate measures should be taken. 

Nephrotoxicity has been reported following concomitant administration of 
aminoglycoside antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's 
or Fehling's solution or with Clinitest* tablets but not with Tes-Tape* (Glucose 
Enzymatic Test Strip, USP, Lilly). There may be a false-positive test for pro- 
teinuria with acid and denaturization-precipitation tests. 

As with other broad-spectrum antibiotics, hypoprothrombinemia, with or 
without bleeding, has been reported rarely, but it has been promptly re- 
versed by administration of vitamin K. Such episodes usually have occurred 
in elderly, debilitated, or otherwise compromised patients with deficient stores 
of vitamin K. Treatment of such individuals with antibiotics possessing signifi- 
cant gram-negative and/or anaerobic activity is thought to alter the number 
and/or type of intestinal bacterial flora, with consequent reduction in synthesis 
of vitamin K. Prophylactic administration of vitamin K may be indicated in such 
patients, especially when intestinal sterilization and surgical procedures are 
performed. 

Usage in Pregnancy — Safety of this product for use during pregnancy has 
not been established. 

Usage in Infancy — Mandol has been effectively used in this age group, but 
all laboratory parameters have not been extensively studied in infants between 
one and six months of age; safety of this product has not been established in 
prematures and infants under one month of age. Therefore, if Mandol is ad- 

ministered to infants, the physician should determine whether the potential 
benefits outweigh the possible risks involved. 


Adverse Reactions: Hypersensitivity — Maculopapular rash, urticaria, eosino- 
philia, and drug fever have been reported. These reactions are more likely to 
occur in patients with a history of allergy, particularly to penicillin. 

Blood — Thrombocytopenia has been reported rarely. Neutropenia has 
been reported, especially in long courses of treatment. Some individuals 
have developed positive direct Coombs tests during treatment with the 
cephalosporin antibiotics. 

Liver — Transient rise in SGOT, SGPT, and alkaline phosphatase levels has 
been noted. 

Kidney — Decreased creatinine clearance has been reported in patients 
with prior renal impairment. As with some other cephalosporins, transitory 
elevations of BUN have occasionally been observed with Mandol; their fre- 
quency increases in patients over 50 years of age. In some of these cases, 
there was also a mild increase in serum creatinine. 

Local Reactions — Pain on intramuscular injection is infrequent. Thrombo- 
phlebitis occurs rarely. 


Administration and Dosage: Dosage — Adults: The usual dosage range for 
cefamandole is 500 mg to 1 gm every four to eight hours. 

In infections of skin structures and in uncomplicated pneumonia, a dosage 
of 500 mg every six hours is adequate. 

In uncomplicated urinary tract infections, a dosage of 500 mg every eight 
hours is sufficient. In more serious urinary tract infections, a dosage of 1 gm 
every eight hours may be needed. 

In severe infections, 1-gm doses may be given at four to six-hour intervals. 

In life-threatening infections or infections due to less susceptible organisms, 
doses up to 2 gm every four hours (i.e., 12 gm per day) may be needed. 

Infants and Children: Administration of 50 to 100 mg/kg/day in equally 
divided doses every four to eight hours has been effective for most infections 
susceptible to Mandol. This may beincreased toa total daily dose of 150 mg/kg 
(not to exceed the maximum adult dose) for severe infections. (See Warnings 
and Precautions for this age group.) 

Note: As with antibiotic therapy in general, administration of Mandol should 
be continued for a minimum of 48 to 72 hours after the patient becomes 
asymptomatic or after evidence of bacterial eradication has been obtained; a 
minimum of ten days of treatment is recommended in infections caused by 
group A beta-hemolytic streptococci in order to guard against the risk of rheu- 
matic fever or glomerulonephritis; frequent bacteriologic and clinical ap- 
praisal is necessary during therapy of chronic urinary tract infection and may 
be required for several months after therapy has been completed; persistent 
infections may require treatment for several weeks; and doses smaller than 
those indicated above should not be used. 

Impaired Rena! Function — When renal function is impaired, a reduced 
dosage must be employed and the serum levels closely monitored. After an 
initial dose of 1to 2 gm (depending on the severity of infection), a maintenance 
dosage schedule should be followed (see chart). Continued dosage should 
be determined by degree of renal impairment, severity of infection, and 
susceptibility of the causative organism. 


MAINTENANCE DOSAGE GUIDE 
FOR PATIENTS WITH RENAL IMPAIRMENT 












Life-Threatening 
Creatinine Clearance Infections — Less Severe 
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When only serum creatinine is available, the following formula (based on 
sex, weight, and age of the patient) may be used to convert this value into 
creatinine clearance. The serum creatinine should represent a steady state 
of renal function. 

Weight (kg) x (146 — age) 
72 x serum creatinine 
Females: 0.9 x above value 
How Supplied: Vials Mandol* (cefamandole nafate, Lilly), for Injection, 500 mg 
and 1 gm (equivalent to cefamandole activity), 10-ml size, in packages of 1 and 
Traypaks™ (multivia! cartons, Lilly) of 25; 2 gm (equivalent to cefamandole 
activity), 20-ml size, in packages of 1 and Traypaks of 10; 1 and 2 gm (equiva- 
lent to cefamandole activity), 100-ml size, in Traypaks of 10 [062679] 
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901027 
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Additional information available 
to the profession on request. 


Eli Lilly and Company 
Indianapolis, Indiana 46206 
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HOW TO DO IT 


Intraoperative Assessment of the Mitral 
Valve Following Reconstructive Procedures 


Harold King, M.D., J. Csicsko, M.D., and A. Leshnower, M.D. 


ABSTRACT A technique facilitating intraoperative 
assessment of the degree of mitral insufficiency 
during and after mitral reconstructive procedures 
has been developed. A multiholed left ventricular 
vent catheter is advanced across the aortic valve, 
thereby creating aortic insufficiency, filling the left 
ventricle with blood at aortic perfusion pressure, 
and approximating the leaflets of the mitral valve in 
the closed position. If present, mitral insufficiency 
can be estimated by the size of the regurgitant jet. 
In addition to assessing valve function following 
open mitral valvotomy, the method has also been 
helpful in managing leaks around the prosthetic 
valve, in assessing the closure of cleft mitral valve 
leaflets associated with ostium primum atrial septal 
defects, in confirming the completeness of closure, 
and in detecting obscure ventricular septal defects. 


Assessment of the competency of the mitral 
valve following reconstructive procedures be- 
fore closure of the left atrium and rewarming 
the patient has been advocated by others [2-4]. 
We have developed a technique that assesses 
competency and that has been used in a large 
number of patients during the past three years. 
Our method seems simpler than those previ- 
ously described. 


Method 

A multiperforated left ventricular vent catheter” 
is introduced through a small stab wound in an 
avascular area superior to the left ventricular 
apex and is passed across the aortic valve, 
thereby creating aortic insufficiency, filling the 
left ventricle with blood at aortic pressure, and 
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coapting the mitral leaflets in the closed position 


(Fig 1). During this maneuver the heart must be 
fibrillating to prevent air embolization. The as- 
cending aorta is palpated just above the valve to 
confirm entry of the catheter tip. Ventricular 
decompression is discontinued. The apex of the 
heart is elevated by an assistant. The vent 
catheter is then introduced farther into the 
ventricular chamber and gently maneuvered to 
locate the aortic valve. A sudden gush of blood 
into the catheter signals entry of the tip into the 
aorta. This is confirmed by palpation of the 
catheter through the aortic wall. After the 
catheter is positioned well with the side holes 
both above and below the aortic valve, the heart 
is returned to the normal position. 

The mitral valve is then inspected through a 
left atriotomy. The presence and amount of mi- 
tral insufficiency can be assessed visually (Fig 
2A). If the valve appears to be competent, one 
of the leaflets should be depressed with an in- 
strument to create insufficiency. A strong re- 
gurgitant jet proves the presence of blood under 
systemic pressure within the left ventricle. If a 
jet is not seen, the catheter is not well posi- 
tioned. During the period of evaluation, care 
should be taken to avoid forcibly retracting the 
left atriotomy since this might prevent the mi- 
tral leaflets from approximating normally and 
spuriously create or increase the size of a regur- 
gitant jet. 

While the technique was being evaluated, 
mitral valve function was assessed also by pres- 
sure studies and digital palpation in the beat- 
ing heart after cessation of cardiopulmonary 
bypass. Both these methods and later examina- 
tion of the patient indicated that our technique 
accurately reflects the later functional status of 
the valve. Digital palpation after bypass is no 
longer considered necessary. 

Our technique has been of value in the man- 
agement of other conditions as well. It simplifies 
both the detection of small, periprosthetic valve 
communications that are difficult to see and 
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A : 
Fig 1. (A) The multiholed left ventricular vent catheter is 
passed across the aortic valve, rendering it insufficient. 
The side holes of the catheter should be both above and 
below the aortic valve. (B) The arrows show the retro- 
grade blood flow through the aortic valve, which has 
been made incompetent by the catheter. l 


that are found between the left ventricle and 
atrium, and the evaluation of their closure at 
the time of reoperation (Fig 2B). It has helped in 
assessing the competency of the mitral valve in 
patients with partial atrioventricular canal. In 
these patients, the procedure can be repeated as 
sutures are removed or inserted in an effort to 
improve valve function. The technique -was 
used in the management of a patient with se- 
vere hemolysis and hemolytic anemia following 
reconstruction of a cleft mitral leaflet and clo- 
sure of a large ostium primum defect with a 
Dacron velour patch. A defect in the closure of 
the cleft of the major leaflet was difficult to de- 
tect by inspection. However, with our tech- 
nique, a regurgitant jet struck the rough surface 
of the patch and was seen easily; the residual 
small opening in the suture line was closed suc- 
cessfully (Fig 2C). In addition, the technique has 
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Fig 2. Use of the method. (A) Regurgitant jet following 
open mitral valvotomy indicates that the mitral valve is 
incompetent. (B) Regurgitant jet through a peripros- 
thetic valve defect demonstrates the presence of a defect. 
(C) Regurgitant jet through a small defect in the suture 
line of a closed cleft of the major leaflet of the mitral 
valve points out a defect. 
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been utilized for the detection óf ventricular 
septal defects that were not evident on simple 


. inspection or that could not be located by the 


injection of saline solution through the left 
ventricular vent catheter. Completeness of clo- 
sure of any ventricular septal defect can also be 
determined. 

Closure of the left ventricular jncision after 
removal of the catheter has not been associated 
with major problems. We believe it important 
to make the incision quite small and then dilate 
it to the size of the rounded tip of the vent 
catheter. If the heart wall is unusually friable or 
if difficulties are anticipated in closure of the 
small ventricular incision, insertión of the 
catheter through the wall of the ascending aorta 
and then retrograde through the aortic valve, as 
described by Mullin and associates [2], could be 
attempted. The ultimate result should be the 
same. We agree with those authors that the 
principle is reliable and simplifies open mitral 
commissurotomy. If the catheter tip cannot be 
introduced easily across the aortic valve, a pos- 
sibility when dealing with complete atrioven- 


tricular canal and some hearts in small infants, 
mitral valve function can be tested by filling 
the ventricle with blood from the pump 
oxygenator, as described by Pagliero and Yates 
[4] and Nair and Yates [3], or with fluid, as de- 
scribed by Kirklin [1] and by Relland [5]. 
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Calcification and Thickening 


of the Aortic Wall Complicating 
Aortocoronary Grafting: A Technical Modification 


Francis Robicsek, M.D., and Richard B. Rubenstein, M.D. 


ABSTRACT A method to anastomose saphenous 
vein grafts to a calcified or severely arteriosclerotic 
ascending aorta is presented. A portion of the aorta 
is replaced by a synthetic prosthesis from which the 
grafts are delivered through individual openings. 


While the distal anastomosis of the aortocoro- 
nary graft can cause appreciable technical dif- 
ficulties, the proximal anastomosis (at the aor- 
tosaphenous junction) seldom creates technical 
problems in the hands of the experienced sur- 
geon. Exceptions can occur, however, if the site 
of the proximal anastomosis, the ascending 
aorta, is heavily involved in the process of ar- 
teriosclerosis, if it is notably thickened, or 
especially if it is heavily calcified. In such a 
situation, it can be virtually impossible to 
perform an ascending aorta-saphenous vein 
anastomosis that can be expected to give both 
an adequate lumen and a high probability of 
long-term patency. 

Such marked thickening and partial calcifica- 
tion made aortocoronary grafting by the con- 
ventional method impossible in 2 of our more 
than 600 patients operated on for occlusive 
coronary artery disease. In both patients, direct 
saphenous vein-ascending aorta end-to-side 
anastomosis was attempted; but after the dis- 
maying condition of the ascending aorta was 
fully appreciated, we were obliged to close the 
small aortotomy incision intended for the 
anastomosis, with considerable difficulty in 1 
patient. Finally, in both patients we performed 
the so-called patch procedure. 

An oval patch approximately 3 cm in length 
and 1.5 cm in width was fabricated of Teflon 
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cloth. An appropriate number of holes (three 
for 1 of the patients and 4 for the other) mea- 
suring 2.5 mm in diameter were burned in the 
center line of the fabric with a glowing iron. 
They were made to receive the proximal anas- 
tomoses of the saphenous vein grafts, which 
were completed with 6-0 Prolene continuous 
sutures. The ascending aorta was then side- 
clamped with a partially occluding clamp, and a 
longitudinal incision equaling the length of the 
patch was made on its anterior surface excluded 
between the jaws of the partially occluding 
clamp. The patch carrying the saphenous vein 
grafts was sutured into this longitudinal slit 
with 4-0 Prolene running sutures reinforced 
with a narrow strip of Teflon felt (Figure). 
Then, the distal (saphenous vein-coronary ar- 


Coronary grafts emerging from the synthetic patch in- 
serted in the ascending aorta. 
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tery) anastomoses was completed using car- 
diopulmonary bypass. 

While nobody would argue that direct 
saphenous vein-ascending aorta anastomosis 
is the procedure of choice in the usual situation, 
the patency of such an anastomosis is certainly 
threatened if the aortic wallis very fragile, thick- 
ened, or calcified. In such instances, the patch 
method just described can make the anas- 
tomosis faster and easier by allowing the sur- 
geon to use deeper stitches and heavier suture 
material without the danger of encroaching on 
the lumen of each saphenous vein graft. In our 
experience, such saphenous vein-aorta graft 
anastomoses have worked in both total aortic 
root replacements in which the coronary ar- 
teries were grafted simultaneously as well as in 
renal artery substitutions associated with ab- 
dominal aortic resections, with excellent long- 


range patency rates [1, 2, 3] The time will come 
when suitable synthetic coronary artery sub- 
stitutes will be developed and delivered already 
attached to a single or multiple graft model pre- 
viously attached to the patch or so-called aortic 
button. 
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Anatomical Correction 


of Transposition of the Great Arteries 
J. P. Bex, M.D., Y. Lecompte, M.D., F. Baillot, M.D., and E. Hazan, M.D. 


ABSTRACT This method of true anatomical repair 
of transposition of the great arteries (TGA) avoids 
the transection and suture of the coronary arteries 
and does not require any tubes of foreign material. 
Because the transection goes through the infun- 
dibulum under the aortic annulus, the complete aor- 
tic root together with the coronary arteries and a 
muscular subvalvular rim can be sutured to the pul- 
monary annulus. 

The technical simplicity of this procedure allows 
its application in TGA with intact ventricular sep- 
tum in the newborn when the left ventricular pres- 
sure is still high or after the left ventricle has been 
"prepared" by previous banding of the main pulmo- 
nary artery. 


Blood rerouting at the atrial level remains the 
regular. operation for transposition of the great 
arteries (TGA). The feasibility of an almost 


anatomical repair at the arterial level has been . 


demonstrated by Jatene and associates [3], but 
. the indications for this operation are restricted 
since systemic or nearly systemic pressure is 
needed in the subpulmonary ventricle. Al- 
though there have been some clinical successes 
in patients with TGA with intact interventricu- 
lar septum [1-5], this procedure has not been 
advocated when the left ventricular pressure is 
low. However, the pulmonary artery resistances 
and left ventricular pressure are at a high level 
in newborns, and the technique described here 
could be applied to such patients because it 
does not need any suture involving the coro- 
nary arteries or any tubes of a foreign material 
to reconstruct the pulmonary artery. 
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Technique 

In TGA, the aortic annulus is separated from 
the tricuspid valve by a muscular conus. This 
anatomical pattern makes possible the separa- 
tion of the whole aortic root together with a 
muscular subvalvular rim and the coronary ar- 
teries from the right ventricle. It is then easy to 
switch the two great arteries without cutting 
the coronary arteries. 

Both great vessels and their branches are dis- 
sected free up to the pericardial insertion. The 
ductus is ligated and transected. The first 2 cm 
of the coronary arteries are dissected from the 
infundibular muscle. Under heart-lung bypass, 
deep hypothermia, and circulatory arrest and 
after closure of the atrial septal defect, the in- 
fundibulum is incised and sectioned all around 
its circumference, 2 mm below the aortic an- 
nulus. This allows complete mobilization of the 
aortic root (Fig 1). 

The pulmonary artery is then transected 
through the pulmonary valve. Valve cusps are 
excised and the aortic muscular rim is sutured 
to the pulmonary annulus (Fig 2). The coronary 


artery ostia usually are rotated slightly to give 


them proper positioning. The translation and 
rotation are made possible by the previous dis- 
section of the initial portion of the coronary ar- 
teries (Fig 3). 

The main pulmonary artery is sutured to the 
right ventricle. On the posterior edge, direct 
anastomosis is possible without excessive ten- 
sion because of the previous extensive dissec- 
tion of the pulmonary branches, dissection of 
the ductus, and a very low transection of the 
main pulmonary artery close to the heart (Fig 4). 
A dura mater patch is necessary in the anterior 
part to avoid kinking at the origin of the pul- 
monary artery. 


Comment 

Until now this procedure has been performed 
only on anatomical specimens of TGA. It con- 
stitutes a real anatomical repair of TGA since 
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Fig 1. The broken line represents the incision below the 
aortic annulus, in the infundibular part of the right 
ventricle. The incision begins anteriorly, goes under the 
initial segment of the coronary arteries, and is com- 
pleted in front of the pulmonary artery where 7 mm of 
muscle separate the two annuli. 





Fig 3. The aortic root is sutured to the left ventricular 
outflow tract. Great care must be taken to obtain a 
satisfactory position of the two coronary artery ostia; 
slight rotation clockwise avoids kinking of the cir- 
cumflex coronary artery. 


the aortic valve is placed above the left ven- 
tricular outflow tract. The loss of the pulmonary 
valve is open to criticism but the favorable out- 
come of the congenital agenesis of the pulmo- 
nary valve with intact ventricular septum al- 
lows us to expect a good tolerance of isolated 
pulmonary insufficiency even in newborns [2]. 

The three distinct advantages of this proce- 
dure allowing its application in the newborn 
are as follows: its technical simplicity; the 
Fig 2. Longitudinal cross section of the left ventricular avoidance of any tubes of a foreign material, 


outflow tract after reconstruction. U stitches prevent : ] : 
any obstruction of left ventricular outflow and distor- White permits s ROl prow nand abog al, 


tion of the aortic valve. The spotted portion represents the absence of an anastomosis involving the 
the muscular rim following the aortic root. coronary arteries. 
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Fig 4. The best place to reconstruct the pulmonary ar- 
tery is on the right side of the aorta. It can be done 


without interposition of a prosthetic tube. Direct suture 
is possible in the posterior part, and a dura mater patch 
is necessary in the anterior part to avoid kinking of the 


new pulmonary artery at its origin. 





Addendum 


Since the submission of this paper, we used this 
technique on a 3-month-old girl with TGA and sub- 
pulmonary stenosis. Right ventricular pressure was 
81/0 mm Hg; left ventricular pressure was 90/0 mm 
Hg; and pulmonary artery pressure was 20/10 mm 
Hg. The subvalvular pulmonary stenosis was re- 
lieved very easily through the pulmonary artery 
root, after transection and removal of the pulmo- 
nary valve apparatus. There was no pressure gradi- 
ent between the left ventricle and the aorta at the 
end of the procedure. To date, the infant is doing 
well. 
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Preparing an Arterial Patch Graft 


John M. Keshishian, M.D., Nicholas P. D. Smyth, M.D., and Anjum Qazi, M.D. 


ABSTRACT Patch grafts frequently are used fol- 
lowing endarterectomy for short-segment arterial 
disease. On occasion they are used to increase flow 
through stenotic areas where endarterectomy might 
be counterproductive. The following article de- 
lineates a fairly efficient way of preparing patch 
grafts in a reproducible manner. The technique in- 
volved in preparing, inserting, and suturing the 
patch graft is described. 


Techniques for vascular grafting have be- 
come fairly well standardized, but sometimes 
an improvement appears to be of sufficient 
merit to warrant reporting. Here we present our 
method of preparing patch grafts. 

The most frequent use for a patch graft is after 
short endarterectomy when primary closure 
could result in narrowing of the lumen; it occa- 
sionally is used as a site from which a bypass 


graft can originate. Although any type of mate- - 


rial can be utilized, we prefer Dacron, autoge- 
nous vein, or bovine heterografts when patch 
grafts are indicated. 

The procedure is as follows: An appropriate 
length of tubular graft (any diameter) is selected 
and split longitudinally. A sterile tongue blade 
is moistened, and the graft is applied to its con- 
cave surface and clamped, first at the upper end 
and then at the lower end after the graft has 
been stretched. We prefer knitted to woven 
Dacron since the latter has a tendency to un- 
ravel. After a rough approximation of the ar- 
teriotomy size has been made, the patch is cut 
out sharply using a scalpel. The patch is lifted 
out and is ready for suturing. It may or may not 
have been preclotted at the outset. If not and 
if the patient has been heparinized, the small 
patch can be soaked in heparinized blood. Fol- 
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lowing this, a few drops of thrombin are 
applied to the outer surface of the patch graft. 
This usually controls any tendency to leak. 

We suture the patch in place using a 5-0 or 6-0 
polyester suture on half-curved needles. The 
upper end is attached first with a mattress or 
simple stitch using a double-armed suture, 
which is tied at the midpoint of the suture. 
Each suture is then run down from the apex to 
approximately the halfway point on either side. 
Similarly, a separate suture from the distal end 
of the patch is brought toward the midpoint. 
The sutures from the upper and lower end are 
secured at the midway point of the patch graft. 
On occasion, for ease in suturing, we use trac- 
tion sutures at the halfway point. Excess patch 
material is trimmed easily once the suturing 
begins. After we have determined the required 
length and fastened it to the host artery at that 
point, any excess material is cut off (Figure). 

Occasionally when carotid endarterectomy is 
being performed with an internal shunt in 
place, we delay the last few sutures until the 
shunt has been withdrawn and a partially 
occluding clamp applied. 

We believe it is important to point out that 
patch grafts should be extended several mil- 
limeters above and below the denuded intima. 
This is especially true if the intima has required 
tacking sutures. 

If there is a pesky bleeding site, either in the 
patch or at the suture line, we gently apply a 
few pledgets of Gelfoam soaked in thrombin for 
several minutes; that failing, we use one or two 
interrupted, fine sutures. 

We have been impressed by the ability to 


produce patch grafts of uniform configuration 


on a repeated basis with this procedure. Also, 
the residents in our training program have 
found the maneuver serviceable and have 
adapted it for use after leaving our service. We 
emphasize that generous sutures should be 
taken through both the patch and the host ar- 
tery. No patient with a patch graft has sus- 
tained a postoperative thrombosis at the ar- 
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(A) A graft has been applied to a tongue blade and 
clamped. An elliptical patch is cut out. (B) The patch 

is lifted out with fine-toothed forceps. (C and D) 

The upper portion of the graft is secured to the host ar- 
tery with mattress suture. The suture is 4-9 or 5-0 
polyester, and a double-armed whipstitch is used. (E) 
Traction sutures are placed at the midportion of the 
graft. Continuous whipstitch has been started on the left 
lip. In actual practice, tension is maintained on the run- 
ning suture so as to keep the graft and artery wall in 
good apposition. (F) Gentle tension is put on the graft 
and a distal stay suture is placed. The shaded portion in 
the lower right-hand corner of the patch is redundant 
and is cut off. (G) The completed patch in place. 


teriotomy site irrespective of the type of graft 
material—Dacron, autogenous vein, or even 
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bovine heterograft. In our earlier saphenous 
vein patch graft, we tended to be too generous 
with the amount of material. Although no an- 
eurysms developed, a few ballooned out. We 
now prepare patch grafts that are only a few 
milliméters wide so that the final result will be 
an artery whose Jumen has been only slightly 
widened by the graft. We believe that a vessel 
in which endarterectomy has been performed 
has a natural tendency to contract circumferen- 
tially as healing takes place at that site. The 
slight amount of overage produced by the patch 
graft will prevent an hour-glass deformity, 
which is sometimes seen with primary closure 
in vessels with a narrow diameter. 


COLLECTIVE REVIEW 


Atrioventricular Sequential Pacemakers: 
Indications, Complications, and Long-Term Follow-up 


James J. Yashar, M.D., David L. Kitzes, M.D., Mohammad Arif, M.D., 
Richard A. Carleton, M.D., Maüricio Goldberg, M.D., Ralph J. Burnard, M.D., 
Albert K. Weyman, M.D., and John Yashar, M.D. 


ABSTRACT Our experience with 32 patients with 
atrioventricular (AV) sequential pacemakers and an 
average follow-up of 22 months is presented. The 
pertinent literature and physiology are reviewed. The 
indications, advantages, and complications of AV 
sequential pacemakers are analyzed. Half of the pa- 
tients required bifocal pacing for control of arrhyth- 
mia alone, while half required control of arrhythmia 
associated with congestive heart failure due primar- 
ily to a noncompliant left ventricle. It is anticipated 
that the hemodynamic improvement occurring as a 
result of AV sequential pacing will increase the use 
of this mode of cardiac pacing in selected patients. 


In the ten years since the introduction of 
atrioventricular (AV) sequential pacing, this 
pacing modality has attracted little attention 
from clinicians [35]. The lack of enthusiasm for 
permanent AV sequential pacing may be re- 
lated to technical problems. The J lead for atrial 
pacing has proved difficult to position and has 
a higher tendency to dislodge compared with 
standard pervenous ventricular leads [14]. In 
addition, the size and configuration of early 
pulse generators limited its application due to 
surgical problems such as skin erosion. 
Despite these problems, more than 1,000 
permanent AV sequential pacemakers have 
been implanted since 1969.* The early experi- 
ence emphasized the hemodynamic benefits of 
AV sequential pacing [2, 6, 7, 10, 11, 17]. This 
pacing modality was directed particularly to- 
ward those patients who had heart block and 
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refractory congestive heart failure. Subse- 
quently, it was used for the control of certain 
reentrant tachyarrhythmias by regulation of the 
electronic AV interval [3]. These reports dem- 
onstrate the versatility of AV sequential pacing 
as a treatment modality in a wide range of elec- 
trical and mechanical cardiac abnormalities. 

The AV sequential (BIFOCAL) demand pace- 
maker has one sensing module for ventri- 
cular ORS sensing and two output modules, 
one for atrial and one for ventricular stimula- 
tion. In the AV sequential pacing mode, both 
atrial and ventricular impulses are produced 
when the ORS rate falls below the pacing rate 
and the P-R interval of the patient exceeds the 
electronic AV sequential interval. This elec- 
tronic interval can be preselected between 125 
to 250 milliseconds depending on the patho- 
physiology of the patient. If the P-R interval 
of the patient is less than the electronic AV se- 
quential interval and if the R-R interval of the 
patient exceeds the electronic atrial escape 
interval, only the atrium is paced and the ven- 
tricular stimulus is inhibited by the conducted 
ORS complex. If the R-R interval of the patient 
is less than the electronic atrial escape interval, 
no impulse is transmitted to the atrium or ven- 
tricle. Thus, this pacemaker can function as an 
atrial demand pacemaker or an AV sequential 
demand pacemaker, or as a ventricular demand 
pacemaker if atrial pacing cannot be achieved, 
as in atrial fibrillation. 

This report presents both our experience with 
32 patients who underwent AV sequential 
pacing and a review of the literature concerning 
permanent AV sequential pacemakers. 


Material and Methods | 

During the four-year period July, 1973, to July, 
1977, we inserted a permanent pacemaker in 
780 patients. Thirty-two (496) of them received 
a BIFOCAL AV sequential pacemaker (Ameri- 
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Age distribution among 32 patients (19 men and 13 


women) with an atrioventricular sequential pacemaker. 
The mean age was 65 years. 


can Pacemaker). These patients ranged from 44 
to 81 years old (mean age, 65 years) (Figure). 
Nineteen patients were men and 13 were 
women. The J type atrial electrode and the 
standard ventricular bipolar endocardial elec- 
trode were used in all patients. Standard surgi- 
cal procedures were followed to provide the 
pouch for the pulse generator and venous ac- 
cess for the electrodes. The ventricular electrode 
was inserted first because dislodgment of the 
ventricular electrode is unlikely to occur during 
insertion and manipulation of the atrial elec- 
trode. The J type atrial electrode was placed 
through the external jugular vein in 30 patients 
and in the internal jugular vein of 2 patients. 
Under fluoroscopy, the free tip of this atrial 
electrode is positioned in the right atrial ap- 
pendage. The appropriate position produces a 
“bobbing” of the tip of the electrode, observed 
on fluoroscopy, synchronous with atrial con- 
traction. The atrial stimulation threshold ranged 
from 1.5 to 3 ma (mean, 2 ma). 


Indications 

ARRHYTHMIA WITH CONGESTIVE HEART FAIL- 
URE. Sixteen of the 32 patients (60%) who had 
AV sequential pacing had severe congestive 
heart failure (Table 1). All of them required 
both digitalis and diuretics for treatment of that 


Table 1. Indication for Atrioventricular 
Sequential Pacemaker 








Patients Patients Total 
with Without Pa- 
Indication CHF CHF tients 
Sick sinus syndrome 6 4 10 
with bradycardia 
Bradytachy syndrome 4 6 10 
Recurrent ventricular 1 5 6 
arrhythmia 
Complete heart block 5 1 6 
Total 16 16 32 


CHF = congestive heart failure. 


condition. Six patients had coronary artery dis- 
ease and 10, a noncompliant left ventricle (i.e., 
aortic stenosis, asymmetrical septal hyper- 
trophy, hypertensive cardiovascular disease). 
Five patients had complete heart block, 6 had 
sick sinus syndrome with symptomatic sinus 
bradycardia, 4 had sick sinus syndrome with 
bradytachy syndrome, and 1 had refractory re- 
current ventricular tachycardia. 

ARRHYTHMIA ALONE. The other 16 patients 
did not have any manifestations of congestive 
heart failure. In this group, 6 patients had the 
bradytachy syndrome, 4 had sick sinus syn- 
drome with bradycardia, 1 had complete heart 
block, and 5 had recurrent ventricular ar- 
rhythmias. Eleven of these patients had coro- 
nary artery disease, and 5 had a noncompliant 
left ventricle. Symptoms consisted of Stokes- 
Adams syndrome, dizziness or palpitations, or 
both of these. 


Complications 
Patients with AV sequential pacemakers were 
followed for 12 to 54 months (average 
follow-up, 22 months). Infection of the pace- 
maker site developed in 4 patients (12.596) be- 
tween 3 months to three years after original im- 
plantation. Three of them required removal of 
the pacemaker. None of the patients who re- 
quired repositioning of the leads had infection 


of the pacemaker site. One patient required re- 


location of the pulse generator one year later 
due to skin erosion. 

Dislocation of the leads occurred in the im- 
mediate postoperative period (1 month) in 7 
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patients. In only 1 patient did the dislocation 
involve both the atrial and ventricular lead. The 
6 patients with atrial lead dislocation under- 
went multiple reinsertions of the lead: twice in 
3 patients and once in 3. Of these 6 patients, 3 
had successful replacement of the atrial lead. In 
the other 3, the atrial leads were removed and 
the patients were left with demand ventricular 
pacing. A perforation of the right ventricle with 
loss of ventricular pacing developed in 1 of 
these 3 patients and necessitated replacement 
with an epicardial demand pacemaker. All but 
one of the atrial lead dislocations occurred 
during the first three years of this study. 

One patient had spontaneous repositioning 
of the dislocated atrial lead into the coronary 
sinus with left atrial pacing in the immediate 
postoperative period. Excellent AV sequential 
pacing continued from this position. 

Four patients subsequently underwent open- 
heart operation 6 to 24 months after im- 
plantation of the AV sequential pacemaker. 
Right atrial cannulation required removal of the 
atrial lead. These patients were left with de- 
mand ventricular pacing postoperatively. 

Two patients had atrial fibrillation and lost 
the atrial contribution to ventricular systole to 
AV sequential pacing. The pacemaker then 
functioned normally as a ventricular demand 
pacemaker. After conversion of the arrhythmia 
by digitalis, the pacemaker resumed its bifocal 
demand function. 

Nine patients required replacement of the 
pulse generator because of battery failure. All of 
these patients had the mercury-zinc power 
source, with an average life of two years. In the 
past 18 months, a lithium power source with 
anticipated life of 5 years has been used. Seven 
patients died of underlying cardiac disease 
during the follow-up period. 


Results 

Arrhythmia with Congestive Heart Failure 

Five of the 6 patients with complete heart block 
and heart failure showed marked improvement 
.in the congestive heart failure. The clinical 
status of these 5 patients improved from New 
York Heart Association Functional Class IV to 
Class II or III. AV pacing allowed full use of 
digitalis preparations, which resulted in im- 


proved control of failure and tachyarrhythmias. 
Two out of 4 patients with bradytachyarrhyth- 
mia showed notable improvement in clinical 
status. Before initiation of AV pacing, each pa- 
tient with severe congestive heart failure and 
bradytachy syndrome had evidence of digitalis 
toxicity, manifested as escape rhythms during 
bradyarrhythmia periods and as AV conduction 
problems. All of the patients with bradytachy 
syndrome except 1 are alive at an average 
follow-up of 22 months. Similar results were 
obtained in patients who had sinus bradycardia 
due to sick sinus syndrome. The patient with 
recurrent ventricular tachycardia continued to 
have ventricular arrhythmias and eventually 
died. Seven of the 10 patients (7096), with a 
noncompliant left ventricle and congestive 
heart failure had good results. Of the 6 patients 
with coronary artery disease and congestive 
failure with arrhythmia, 5 showed improve- 
ment in the congestive failure and control of the 
arrhythmia. 


Arrhythmia Alone 

Eight of the 10 patients who had sick sinus syn- 
drome or bradytachy syndrome showed clinical 
improvement. The patients with recurrent 
ventricular arrhythmias had variable responses, 
depending primarily on the underlying dis- 
ease. Congestive heart failure developed in 
none of these patients with AV sequential pac- 
ing while antiarrhythmic agents were pushed 
to maximal dosages to control the recurrent 
ventricular tachycardia. Four out of 5 patients 
(80%) with a noncompliant left ventricle with- 
out congestive heart failure had good results. 
Five out of 11 patients (45%) with coronary ar- 
tery disease showed clinical improvement. The 
remainder continued to have tachyarrhythmias, 
but bradyarrhythmias were averted. 


Review of Other Series 

Fight other series of AV sequential pacemaker 
implants have been reported in the literature. 
The data are summarized in Table 2. 

In 1971, Castillo and co-workers reported on 3 
patients who had insertion of AV sequential 
pacemakers and were followed for an average of 
9 months. There were no difficulties. 

Two years later, Fields and colleagues [14] 
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Table 2. Summary of Series of AV 
Sequential Pacemaker Implants 


No. of 
Author Year Patients 
Castillo et al [8] 1971 3 
Fields et al [14] 1973 49 
Zucker et al [38] 1973 14 
Furman et al [15] 1973 4 
Lotto et al [23] 1973 8 
Levy et al [21] 1976 12 
Levy et al [20] 1977 18 
Mazenq et al [24] 1978 5 
Yashar et al 1978 32 
[this report] 
Total 155 


AV = atrioventricular. 


reported on 49 patients who received perma- 
nent AV sequential pacemakers (American 
Optical). Twenty-three had congestive heart fail- 
ure in addition to arrhythmias. Twenty-six pa- 
tients had arrhythmias alone without evidence 
of congestive heart failure. Forty-two of the pa- 
tients could be categorized as having either sick 
sinus syndrome or bradytachy syndrome. Four 
patients had complete heart block and 3, recip- 
rocating tachyarrhythmias. Four patients (8%) 
required readjustment of the atrial lead due to 
dislocation. Four patients had early failure 
(within 11 months) of the pulse generator. The 
remainder underwent replacement between 18 
and 24 months after operation. Mean follow-up 
was 42 months. ©” MEC 

Also in 1973, Zucker and colleagues [38] re- 
ported the cases of 14 patients who were fol- 
lowed 17 months on average. Three different 
atrial leads were used: Schaldach hook, Cordis 
J-wire, and American Optical in 2, 4, and 8 pa- 
tients, respectively. No electrode dislodgments 
occurred, but there was one sensing problem, 
which corrected itself at the end of 8 months. 
Three patients had sick sinus syndrome with 
congestive heart failure, and 1 had AV block 
with a noncompliant ventricle. 

Furman and co-workers [15] in 1973, reported 
the cases of 4 patients who had AV sequential 
pacemakers. The four pulse generators were re- 
placed because of a malfunction of the pulse 


generator. There were also two dislodgments of 
the atrial lead. 
In 1973, Lotto and associates [23] published a 


| report on 8 patients with sick sinus syndrome 


who had insertion of AV sequential pace- 
makers. The indications for the pacemaker were 
sick sinus syndrome and bradytachy syndrome 


' in 7 patients and 1 patient, respectively. Inter- 


mittent phrenic nerve stimulation developed in 
2 patients, and 1 patient had atrial lead dis- 
lodgment. 

In 1976, Levy and associates [21] published a 
report on 12 patients who received permanent 
AV sequential pacemakers with an average 
follow-up of 49 months. Eight of the patients 
had sick sinus syndrome or bradytachy syn- 
drome. Three patients had supraventricular 
arrhythmias with heart block, and 1 had a : 
primary cardiomyopathy. They reported one 
dislodgment of the ventricular lead (896), one 
premature failure of the pulse generator, and 
one infection. 

Levy and co-workers [20] in 1977, reported on 
18. additional patients who had insertion of an 
AV sequential pacemaker for supraventricular 
tachycardia. Two patients (1196) had dislodg- 
ment of either the atrial or ventricular lead. One 
patient required removal of the pacemaker due 
to late infection, and 7 patients needed re- 
placement of the pulse generator between 18 
and 30 months after implantation. 

Mazenq and colleagues [24] in 1978, reported 
on 5 patients who had insertion of AV sequen- 
tial pacemakers for cardiomyopathy with vari- 
ous degrees of AV block in 2, congestive heart 
failure with ventricular tachyarrhythmia in 2, 
and sick sinus syndrome with low cardiac out- 
put after aortic valve replacement in 1. One pa- 
tient had displacement of the atrial lead. Four 
patients showed improvement in cardiac out- 
put and arrhythmia. 


Comment 

The importance of the atrial contribution to 
cardiac output has been well documented in 
many clinical studies [7, 11, 17, 19, 28]. 

Samet and co-workers [32] reported that car- 
diac output with atrial and sequential pacing 
is generally 2096 higher than with ventricu- 
lar pacing. The primary reason for the 
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hemodynamic difference between atrial and 
ventricular pacing lies in the absence of syn- 
chronized AV activity during ventricular pac- 
ing. This is particularly relevant in patients 
with a noncompliant ventricle in which filling 
is markedly impaired without atrial systole. 
Chamberlain and associates [9] reported an 
average increase in cardiac output of 24% with 
restoration of normal AV relations in 9 patients 
with second- or third-degree heart block who 
had acute myocardial infarction. Benchimol and 
colleagues [2] documented that atrial systole 
markedly improves cardiac function in patients 
with heart disease whereas it has little 
hemodynamic effect in persons with a normal 
heart. However, Samet and co-workers [32] 
showed that sequential atrial and ventricular 
activity is essential for optimal ventricular 
function even in persons with a normal heart. 
Carleton and associates [6] demonstrated that in 
patients without valve disease, atrial systole in- 
creases cardiac output by 2096, whereas atrial 
systole made no significant hemodynamic con- 
tribution in the presence of mitral stenosis. Lit- 
tle [22] and Skinner and associates [34] investi- 
gated the relation of AV synchrony to valve 
function. They demonstrated that mitral regur- 
gitation can occur with improper timing of 
atrial systole and that properly timed atrial 
activity can enhance ventricular filling and 
appropriate closure of the AV valve. In patients 
with low cardiac output, restoration of atrial 
contribution to ventricular filling has been 
demonstrated to provide a more optimal 
hemodynamic response [12-14, 20]. However, 
atrial pacing alone does not protect against 
ventricular bradycardia in the presence of AV 
block, atrial flutter, or atrial fibrillation. AV se- 
quential pacing provides a unique benefit in 
preventing ventricular bradycardia in these 
situations. 

Curtis and co-workers [19] from the Mayo 
Clinic investigated the effect of atrial, ven- 
tricular, and AV sequential pacing in 24 pa- 
tients after cardiac operation. In patients with 
normal sinus rhythm, ventricular pacing re- 
duced cardiac output an average of 14%, 
whereas atrial and AV sequential pacing at the 
same rate increased cardiac output by an aver- 
age of 13 and 1996, respectively. In patients 


with slow junctional rhythm, increase of the 
heart rate by ventricular pacing produced an 
increase in cardiac output. The cardiac output 
increased an additional 2596 by atrial or AV se- 
quential pacing at the same rate. They con- 
cluded that atrial or AV sequential pacing is 
preferable for temporary cardiac pacing in the 
postoperative period. 

Gilmore and associates [16] showed that 
when the atrium and ventricle contract at or 
about the same time, the ventricle is deprived 
of the atrial contribution to ventricular filling 
and end-diastolic pressure is higher than with 
sequential AV contraction; when the mean 
atrial pressure rises in relation to ventricular 
end-diastolic pressure, the end-diastolic pres- 
sure is lower and the ventricle does less work. 
Since one of the major determinants of myocar- 
dial oxygen consumption is myocardial wall 
tension, it would seem prudent to make every 
attempt to diminish wall tension [11, 33]. AV 
sequential pacing might provide the clinician 
with this alternative by decreasing oxygen con- 
sumption compared with ventricular pacing. 

Although both laboratory and clinical studies 
have emphasized the importance of the atrial 
contribution to cardiac output, it has been only 
recently that the importance of precise AV 
interval timing has been appreciated [7, 9, 11, 
32, 34]. Recent studies by Hartzler and col- 
leagues [17] from the Mayo Clinic indicate that 
the intrinsic AV interval, even though it is 
within the normal range, may not provide for 
optimal hemodynamic function in the presence 
of a diseased left ventricle. In 5 of their 8 pa- 
tients with intact AV conduction, further in- 
creases in cardiac output were obtained by ar- 
tificially shortening the AV interval beyond that 
attained with atrial pacing alone. Cardiac out- 
put increased by a mean of 1896 from the value 
obtained during atrial pacing, and by a mean of 
50% from the value during ventricular pacing 
alone. In the remaining 3 patients with intact 
AV conduction, the intrinsic P-R interval was 
optimal. Daggett and co-workers [11] also dem- 
onstrated the depression of ventricular function 
during ventricular pacing and AV sequential 
pacing with an inappropriate AV interval. They 
also emphasized that the AV interval is the 
most important determinant of ventricular 
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function during cardiac pacing in the canine 
heart. These studies stress the importance of 
the AV interval as an important determinant of 
ventricular function particularly in diseased 
hearts. 

It is of interest to note that of the 155 patients 
with permanent AV sequential pacemaker im- 
plantations reviewed in this report, the major- 
ity did not have any clinical evidence of con- 
gestive heart failure. Clinicians from eight 
separate institutions have opted more often 
for AV sequential pacing for control of ar- 
rhythmia alone than for control of arrhythmia 
in the presence of congestive heart failure. In 
the present series, with AV sequential pacing, 
patients with congestive heart failure tolerated 
large doses of various antiarrhythmic drugs, 
most of which are negatively inotropic. We 
suspect that some of these patients would not 
have been able to tolerate these dosages if they 
had not had AV sequential pacing with its at- 
tendant hemodynamic benefits. Our obser- 
vations, as well as those of others, suggest that 
a noncompliant left ventricle can benefit greatly 
from atrial contribution to filling by AV se- 
quential pacing [17, 19]. 

Rost and co-workers [30] observed retrograde 
atrial excitations in 90% of patients with ven- 
tricular pacing and intact AV conduction. 
Moreover, retrograde atrial excitations in pa- 
tients with apparent complete antegrade AV 
block were observed in a third of the patients. 
Under bifocal stimulation, the retrograde stim- 
ulation is suppressed [37]. The frequency 
of AV block with sick sinus syndrome has been 


well documented. Narula and associates [26] 


demonstrated that 67% of patients with sinus 
bradycardia due to sick sinus syndrome also 
have associated AV conduction abnormalities. 
DeSanctis [12], Sowton [36], Bower [5], Kaplan 
[18], and Rosen [29], Rubenstein [31], Moss 
[25], Radford [27], Aroesty [1], and their as- 
sociates emphasized that drug treatment alone 
has been insufficient in the treatment of sick 
sinus syndrome. Since pharmaceutical agents 
that are used to treat tachyarrhythmias often are 
contraindicated in the presence of bradyar- 
rhythmias; drug therapy can cause more prob- 
lems than it solves. AV sequential pacing has 


been recognized as a good modality for treat- 
ment of sick sinus syndrome [3, 32]. Bigger [4] 
estimated that more than 4096 of pacemaker 
implants in 1976 were for sick sinus syndrome. 

In the present series, favorable responses to 
combined pacing and drug therapy were ob- 
served in 80% of patients with sick sinus syn- 


 drome or bradytachy syndrome. However, only 


5 of 11 (45%) patients with underlying coronary 
artery disease responded well to this manage- 
ment of arrhythmias. 

There has been a lack of enthusiasm for AV 
sequential pacemakers due to difficulty in po- 
sitioning the atrial lead. The average incidence 
of atrial lead dislodgment reported in the liter- 
ature is 996. With improved technique, even 
this low figure can be reduced. In the present ` 
series, 6 out of 32 patients (1996) had atrial lead 
dislodgment. In the last year of this study, only 
1 out of 10 patients (1096) experienced it. This 


reliability does not compare favorably with the 


corresponding figure for single ventricular 
leads. Yet, the hemodynamic benefits com- 
bined with antiarrhythmic efficacy make this 
the pacing approach of choice in all patients in 
whom symptomatic bradyarrhythmias coexist 
with severe congestive heart failure and a non- 
compliant lett ventricle. 


Conclusions 

During a four-year period, 32 patients under- 
went insertion of AV sequential pacemakers. 
The indications for insertion were sick sinus 
syndrome, bradytachy syndrome, recurrent 
ventricular arrhythmia, and complete heart 
block. The role of AV sequential pacing in the 
treatment of cardiac arrhythmias will increase 
because of its many hemodynamic and elec- 
trophysiological advantages in comparison to 
ventricular or atrial pacing alone, especially in 
the presence of coexistent heart failure or non- 
compliant left ventricle. In addition, since 
many of these patients have intact AV and ven- 
triculoatrial conduction, ventricular pacing 
alone could result in retrograde ventriculoatrial 
depolarization, which could further decrease 
cardiac output. AV sequential pacing can pro- 
vide enhanced myocardial performance by im- 
proved left ventricular filling, particularly in the 
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case of a noncompliant ventricle. The atrial 

contraction itself, critical AV interval timing, 
and suppression of retrograde conduction all 
appear necessary to optimize AV sequential 
pacing and cardiac performance. The develop- 
ment of programmable pacing will extend the 
applications of AV sequential pacing even 
more. Additional technical improvements in 
the pulse generator and lead systems should re- 
sult in a marked increase in the utilization of 
AV sequential pacing. 
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REVIEW OF RECENT BOOKS 


Diagnosis of Diseases of the Chest, Vol II (2nd ed) 
By Robert Fraser, M.D., and J. A. Peter Paré, M.D. 
Philadelphia, W. B. Saunders Company, 1978 

755 pp, illustrated, $30.00 


Reviewed by Alan T. Marty, M.D. 


Operating under the old Army doctrine that if you 
are comfortable, you are out of position, Fraser and 
Paré promise a healthy dose of reader discomfort by 
completely outdating their previous edition. Since 
1970, knowledge about chest disease has proliferated 
to such a point that 322 new pages, 105 more illus- 
trations, and 4,222 references have become necessary 
to cover what used to be handled in five short chap- 
ters. This volume reorganizes and updates the in- 
formation on lung infections, diseases of altered 
immunological activity, neoplasms, pulmonary hy- 
pertension, edema, and thromboembolic diseases. 

The text begins with a superb new section on host 
defense mechanisms in bronchopulmonary infec- 
tions. Among other things, the reader learns how 
complement and antibodies “garnish the virulent 
victuals" in preparation for phagocytic engulfment. 
Throughout this volume, whether the authors are de- 
scribing the multiplicity of T- and B-cell activities 
associated with hypersensitivity and immunity, or 
the changing roentgenographic manifestations of 
brucellosis or leptospirosis, the discussion stays re- 
markably current—an outstanding achievement con- 
sidering that five years were needed to prepare the 
edition. 

Semantic confusion (for example, "secondary" 
versus "adult" versus "reactivation" mycobacterial 
lesions) is avoided by returning to basic descriptive 
terminology (such as "post-primary" TB). As in the 
previous edition, clinical pearls abound. Correlation 
between roentgenographic and pathological findings 
is emphasized, and many unusual chest roentgeno- 
grams pique the reader's curiosity. For instance, the 
peculiar phenomenon of thin-walled cavitary degen- 
eration of multiple pulmonary metastases in a patient 
with a primary lesion of the head and neck is beau- 
tifully illustrated, as is embolization to the pulmonary 
arteries of metallic mercury intravenously injected 
for a special "kick" by a young, narcotic addict. 

Mechanisms of roentgenographic fallibility are 
discussed. For example, the authors explain how the 
high lipid content of certain lesions can simulate 
cavities on a roentgenogram though none are discov- 
ered at postmortem examination. The age-old con- 
troversy surrounding the solitary pulmonary nodule 
receives balanced coverage, with the authors' rec- 
ommending a somewhat selective approach to surgi- 
cal intervention. (Medical therapy is reserved for 
lesions that have not grown in two years on re- 
trospective roentgenographic review, for those with 
central calcification, and for those in young patients.) 


If the patient is otherwise asymptomatic, an expen- 
sive search for a primary site prior to thoracotomy is 
deemed unwarranted. 

A completely revised, clinically oriented chapter 
on the three types of pulmonary edema incorporates 
the best experimental knowledge from Fishman, 
Robin, Staub, and other research giants. Because of 
the exemplary integration of clinical, laboratory, 
pathological, and physiological information, this text 
will continue to appeal to all physicians interested in 
chest diseases. 


Evansville, IN 


Congenital Malformations of the Heart 
and Great Vessels: Synopsis of Pathology, 
Embryology and Natural History 

Edited by Hans Bankl 

Baltimore, Urban & Schwarzenberg, Inc, 1977 
229 pp, illustrated, $24.50 


Reviewed by Maurice Lev, M.D., 
and Saroja Bharati, M.D. 


As its name implies, this book presents a broad sur- 
vey, in synopsis form, of the field of the pathology of 
congenital heart disease. It commences with an in- 
depth description of embryology, borrowing liber- 
ally from many researchers—from His (1885) to 
Chuaqui and Bersch (1972). This section deals with 
early cardiac morphogenesis, formation of the car- 
diac loop, and development of the sinus venosus, 
atria, atrial septum, pulmonary veins, atrioventricu- 
lar canal, ventricles, and arteries and veins. 

The pathological analysis is based on the study of 
1,000 hearts. The incidence of each of the complexes 
covered in this book is reported. There follows an 
analysis in outline form of each complex, including 
embryology, pathological anatomy, associated car- 
diac and extracardiac abnormalities, hemodynamics, 
life expectancy, and cause of death. At the beginning 
of each chapter, the editor provides what he consid- 
ers the outstanding references for each entity. The 
book contains a total of 793 references. There are also 
photographs and diagrams of every complex, and the 
illustrations are of excellent quality. 

The material in this book is well presented in brief, 
succinct, outline form. The book may prove useful to 
pathologists, adult and pediatric cardiologists, car- 
diac surgeons, and those who deal with angiocar- 
diography, catheterization, and echocardiography. 
Its main value to the expert in the pathology of con- 
genital heart disease is that it gives, in capsule form, 
the modern viewpoint of the Vienna School of Pa- 
thology, whose tradition goes back to the great 
Rokitansky and includes such names as Spitzer, 
Pernkopf, and Wirtinger. 


Chicago, IL 


1979 Meeting 


Southern Thoracic Surgical Association 


The Twenty-sixth Annual Meeting of the 
Southern Thoracic Surgical Association was 
held at the Convention Center, San Antonio, 
TX, Nov 1-3, 1979. The President was Harold 
C. Urschel, Jr., M.D. Officers elected for the 
coming year are: President, W. Glenn Young, 
Jr., M.D.;. President-Elect, Dennis M. Rosen- 
berg, M.D.; and Vice President, Francis Ro- 
bicsek, M.D. 

The following twenty-six applicants were 
elected to membership: 


Anthony R. Faraldo 
Fort Lauderdale, FL 


James A. Alexander 
Gainesville, FL 


Mathis L. Becker 
Plantation, FL 


Timothy J. Gardner 
Baltimore, MD 


Robert M. Bucher 
Mobile, AL 


Harold Rudolph Gertner, Jr. 
Gainesville, FL 


William R. Higgs 
Mobile, AL 


Rodrigo Cabezas 
Atlanta, GA 


John P. Connors 
St. Louis, MO 


Mark D. Kappelman 
New Orleans, LA 


Joseph W. Cook 
Charlotte, NC 


Ridlon J. Kiphart 
Dallas, TX 


Michael S. McArthur 
Tyler, TX 


Malcolm J. Dorman 
Miami, FL 


Elevated to Senior Membership were: John E. 
Miller, M.D., Donald L. Paulson, M.D., and 
Donald B. Williams, M.D. 

The President’s Award for the best scientific 
paper given at the 1978 meeting was presented 
to Joe I. Miller, M.D., Kamal A. Mansour, 
M.D., William Fleming, M.D., and Charles R. 
Hatcher, Jr., M.D., of Atlanta, GA. 

The 1980 meeting will be held at the Green- 
briar, White Sulphur Springs, WV, on Nov 
13-15, 1980. Chairman of the Program Com- 
mittee will be John Derrick, M.D.; Chairman of 
the Membership Committee, E. P. Smith, Jr., 
M.D.; and Chairman of the Meeting Site Selec- 
tion Committee, Edward R. Munnell, M.D. 


Richard B. McElvein, M.D. 
Secretary-Treasurer 


100 


. R. J. McCardle 


Columbia, SC 


Patterson W. Moseley 
Orlando, FL 


Ralph Elgin Nipp 
Chattanooga, TN 


D. Glenn Pennington 
St. Louis, MO 


Edward Murray Ring 
St. Louis, MO 


Sibu P. Saha 
Lexington, KY 


John Horace Selby, jr. 


Gainesville, FL 


Jay G. Selle 
Charlotte, NC 


Steven David Spector 
Orlando, FL 


john B. Weiss 
Little Rock, AR 
Willis H. Williams 
Atlanta, GA 


Mohammed Yousufuddin 
Columbia, SC 
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services. Kastec Corporation produces prosthetic 
heart valves. 

With the broadest selection of pacing leads, an 
entire family of accessories, and now, the intro- 
duction of the remarkable new Spectrax pacers 
and programmers, Medtronic continues leading 
the way to man’s heart. 
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Preparation of Manuscript 


Illustrations 


Nomenclature and Statistics 


Credits and Permissions 


Reprints 


INFORMATION FOR AUTHORS 


Original manuscripts on thoracic, cardiac, and peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they be submitted only to 
this journal. Send manuscripts preferably by certified or registered mail to Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University Hospital, Ann Arbor, MI 48109. 


The Annals welcomes correspondence. Letters are reviewed according to the same standards as other 
contributions. Unsigned letters cannot be published. 


Type entire manuscript double-spaced on standard-sized paper, using standard margins. Number 
pages consecutively in this order: title page, abstract, text, references, tables, legends. Place au- 
thor's name and page number in the upper right corner of each page. Submit original typescript and 
duplicate with duplicate illustrations; retain a copy of the typescript. Provide an abstract of approxi- 
mately 150 words for an original article or collective review. Abstracts for case reports, notes, and 
"how to do it” articles may be shorter. 


Page Charges. Original articles exceeding a maximum of 9 printed pages are subject to an overage 
charge of $120 per page. There are approximately 700 words on one printed page of The Annals. A 
standard elite type, double-spaced typewritten page with 11/2” margins all around contains about 
250 words. Therefore, to stay within the maximum limit, manuscripts should contain no more than 
25 typed pages, including references, and proportionally less if figures and tables are included. 


Title Page. Give the paper a brief title. On page 1 of the manuscript give names of all authors, 
highest degree, institutional affiliations (limit to two), and location. If the paper has been presented 
at a scientific meeting, provide a footnote giving name of meeting, date, and location. Provide 
address for mailing proofs and indicate to whom reprint requests should be sent. 


Text. Provide succinct internal headings to clarify the paper's organization. Type footnotes on the 
manuscript page where cited. Cite tables and illustrations by number in the text. Give all weights 
and measures in metric units. 


Case Reports. Limit findings to those pertinent to the case. Negative findings that are not relevant 
should be omitted. 


References. Type double-spaced on pages separate from the text. Arrange alphabetically by author 
and number in sequence. Cite in text by number within brackets. Double-check to ensure accuracy. 
Use the following style and Index Medicus journal abbreviations, and give complete publication 
data. Examples: 


Journal article: Munnell ER, Dilling E, Grantham RN, et al: Reappraisal of solitary bron- 
chiolar (alveolar cell) carcinoma of the lung. Ann Thorac Surg 25:289, 1978 
Book: Baum G: Textbook of Pulmonary Diseases. Second edition. Boston, Little, 
Brown, 1974 
Chapter in book: Grillo HC: The thorax, in Surgery. Third edition. Edited by GL Nardi, GD 
Zuidema. Boston, Little, Brown, 1972, p 243 


Tables. Limit the number of tables, restrict them to material best presented in tabular form, and hold 
length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Illustration Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to 
the illustrations. Provide one legend for each illustration or grouped illustrations and number in 
sequence. 


The Annals can consider only a limited number of illustrations per paper without special arrange- 
ment. Submit original artwork or unmounted original glossy prints (individual parts separate) in 
black and white. (Color may be used only by special arrangement and is subject to extra charges.) A 
line drawing that contains no shading or wash can be reproduced well from a glossy photograph. A 
line drawing with shading, however, can be best reproduced from the original drawing. Illustrative 
material must be of good quality, suitable for reproduction and for reduction as necessary to page 
size. Chest roentgenograms should be no smaller than 13 x 18 cm. Identify by number in sequence 
and by author's last name by writing lightly with soft pencil on the back. Indicate top of illustration. 
Accompany photographs of recognizable persons by a signed release from the subject. All illus- 
trations should be submitted in duplicate. Do not use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value to an article will be considered for publication. Part of 
the reproduction and printing costs will be borne by The Annals; the author must be prepared to pay 
$700 for up to six finished illustrations that will fit on one side of a single page, and for any 
additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Guidelines for Data Reporting (Ann Thorac Surg 24:398, 1977; see also Erratum, Ann Thorac Surg 
25:35, 1978). Authors are referred to these guidelines for appropriate terminology and methods of 
data analysis to be used in submitted manuscripts. 


Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) from both author and publisher of the original. 


Reprints should be ordered before publication on the form supplied the author with proofs. Re- 
prints ordered after the press run has been completed will be provided at increased cost. 





NOW-—A handsome way to protect 
and preserve your personal copies of 


ANNALS OF THORACIC SURGERY 


A durable custom-designed Library Case or Binder 
will protect your copies of the ANNALS OF 
THORACIC SURGERY from loss and wear. At the 
same time, this impressive addition to your library 
will help you conserve valuable space and reduce 
clutter. Both the case and the binder come in hand- 
some maroon simulated leather, with an embossed 
spine in black lettering for maximum legibility. 
Scuff-resistant and washable, each includes gold 
transfer so you can print the volume and year. 


Order your Library Case or Binder for the 
ANNALS OF THORACIC SURGERY by simply 
mailing the coupon below with your check, specify- 
ing with your order which style and size you prefer. 
Satisfaction is unconditionally-guaranteed or your 
money back. 
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To: Jesse Jones Box Corp. 
P.O. Box 5120 Dept. APS 
Philadelphia, PA 19141 


My check or money order for $ is enclosed. 


Please send me: 


| | THE ANNALS OF THORACIC SURGERY 
Binder(s). Each binder holds 12 issues. Prices: 
$6.50 each; 3 for $1875; 6 for $36.00. 


L] THE ANNALS OF THORACIC SURGERY Case(s). 
Each case holds 12 issues. Prices: $4.95 each: 
3 for $14.00; 6 for $24.00. 


Name 
Address 


City State Zip 


(The prices above include postage and handling within the 
United States; make checks payable to Jesse Jones Box Corp.) 
For all orders outside the United States, please add $1.00 

per unit. 








Sportsmedicine 
is expert body work. 


For dedicated athletes and weekend exercisers alike, 
THE SPORTSMEDICINE BOOK is the one compre- 
hensive medical and training handbook that gives the 
latest research, discusses the controversies and sepa- 
rates myth from fact. Gabe Mirkin, M.D., tells you 
what you need to know about: 

m Salt tablets, and why you must never take them 

m Carbohydrate packing —how to, when not to 

B The 5 training rules you must always 


follow 4— 
B Cortisone shots: how they can hurt you 8?  , 


m What to do for tennis elbow | 

B Pregame sex—will it hurt your performance? a 

m How to predict and prevent stress fractures and other } | 
injuries ; 

B Extra potassium: why it is more important than extra protein 

m Water intoxication and how to avoid it 

B and hundreds of other tips, rules and facts, including diets, 

self-treatments and programs. 











THE 
SPORTSMEDICINE 
BOOK 


by Gabe Mirkin, M.D. and Marshall Hoffman 








4 “This is the book every blistered, aching, ailing 
. athlete has long needed. If l'd been able to read 
it when I first decided to get my sagging middle- 
aged body into shape, I could have avoided 
most of the agonies I experienced.” 
—James F. Fixx, author of 

THE CoMPLETE Book Or RUNNING 


"My number one Christmas present 
this year for my ‘athletic’ friends.” 
—Arthur Ashe 


E ne Mikin on 
: Gabe Mir 
E Listen ess b+ on CBS radio: 
" Hardcover $12.50 


Paperback $5.95 
A Literary Guild Alternate 
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CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialities. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times number of issues the ad is to run), payable to 
The Annals of Thoracic Surgery, to: Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


SITUATIONS WANTED 


Cardiovascular and thoracic surgeon, 36, seeking to relo- 
cate. University trained, ABS, ABTS certified, two years' 
experience in active private cardiac practice. Prefers West 
Coast, but will consider other areas. Available immediately. 


Please respond to W-181, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 32, university 
trained, seeks position. Experienced in adult cardiac, 
thoracic, and peripheral vascular surgery. Available July, 
1980. 


Please respond to W-204, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 35, 24/2 years of pri- 
vate group practice, desires to relocate with similar group in 
southern city. Trained at major midwestern center, ABS, 
ABTS certified. Experience includes adult cardiac, thoracic, 
and major and peripheral vascular surgery and endoscopy. 


Please respond to W-206, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 31, ABS certified, 
ABTS eligible, completing residency at University of Al- 
berta, Canada, seeks practice in adult cardiac, vascular, or 
thoracic surgery. Will consider all locations. 


Please respond to N. Ioannou, 9315 Jasper Ave, #11, Ed- 
monton, Alberta, Canada T5H3P3; tel: (403) 429-0716. 


Cardiovascular and thoracic surgeon, 35, ABTS certifica- 
tion, presently in private practice in thoracic and peripheral 
vascular surgery, would like to relocate in practice of adult 
cardiac and thoracic surgery. 


Please respond to W-209, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 35, in university training, available 
January, 1980, seeks position in group to practice cardiac 
and thoracic surgery. No geographic preference. 


Please respond to W-210, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


A am 


Se ee ee 
Experienced, Board-certified thoracic-vascular (noncardiac) 
surgeon wishes to relocate someplace warmer than New 
York in group or partnership with other thoracic surgeons. 
Willing to do general surgery. 


Please respond to W-211, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Able, well-trained cardiovascular and thoracic surgeon, 32, 
seeks position. ABS certified, completing ABTS-approved 
program at major university center with very active clinical 
service. Available July, 1980. All situations and locations 
considered. 


Please respond to W-212, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





SITUATIONS AVAILABLE 


Special fellowship in cardiac surgery available January 1, 
1980. 


Please respond to Floyd D. Loop, M.D., Department of 
Thoracic and Cardiovascular Surgery, Cleveland Clinic 
Foundation, 9500 Euclid Ave, Cleveland, OH 44106. 


Cardiovascular surgeon wanted to join midwestern private 
practice limited to cardiac surgery. Applicant must be ABTS 
certified or eligible and have demonstrated interest in 
pediatric surgery. Postgraduate training in same desirable 
to help expand pediatric practice in large, university- 
affiliated teaching hospital. 


Please send curriculum vitae to A-146, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 


Research cardiovascular surgical fellowship available on or 
before October 1, 1979. 


Please respond to Stanley K. Brockman, M.D., Director, 
Division of Cardiothoracic Surgery, Jefferson Medical 
College, 1025 Walnut St, Philadelphia, PA 19107; tel: 
(215) 928-6996. 


Cardiac surgeon with intense experience in open-heart sur- 
gery in infants and children and adult cardiac cases desired 
to join geographic full-time program with established 
university-affiliated cardiac surgical program. 


Send curriculum vitae with letters of reference to Norman B. 
Thomson, Jr., M.D., Director of Cardio Thoracic Surgery, 
St. Francis Hospital, Port Washington Blvd, Roslyn, NY 
11576. 


Pediatric cardiac anesthesiologist with experience in 
open-heart surgery in infants and children and adult car- 
diac experience desired to join geographic full-time pro- 
gram with established university-affiliated cardiac surgical 


program. 


Send curriculum vitae with letters of reference to Norman B. 
Thomson, Jr., M.D., Director of Cardio Thoracic Surgery, 
St. Francis Hospital, Port Washington Blvd, Roslyn, NY 
11576. 


Cardiovascular surgeon wanted in community hospital, 
Florida east coast. Unique opportunity for right physician 
to initiate his own open-heart program. Should be Ameri- 
can trained, preferably in academic medicine, in practice at 
least 3 years after training with 500 or more cases as the 
primary surgeon, mortality statistics at or better than na- 
tional norms, and skill in interpersonal relationships. 


Please respond to A-153, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Full-time cardiothoracic staff surgeon wanted to join car- 
diothoracic team at busy Veterans Administration Medical 
Center affiliated with Harvard Medical School, Boston. Fa- 
cility provides cardiac surgical services for VA's northeast 
region. Research opportunities and academic appointment. 


Send curriculum vitae to Chilton Crane, M.D., Chief, Sur- 
gical Service, VA Medical Center, 1400 VFW Parkway, Bos- 
ton, MA 02132. Equal Opportunity/Affirmative Action 
Employer. 


Thoracic and cardiovascular surgeon with ABTS certifica- 
tion or eligibility wanted to join two busy surgeons in Bos- 
ton. University-affiliated practice limited to thoracic and 
cardiac surgery. 


Please send curriculum vitae to A-155, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 





Experienced cardiac surgeon wanted to develop open-heart 
surgery program. Presently performing 30 catheterizations 
per month and referring 100 patients per year for operation. 
Association with large multispecialty group. 


Please submit curriculum vitae to Mr. Wyman Taylor, Ad- 
ministrator, Great Falls Clinic, 1220 Central Ave, Great 
Falls, MT 59401. 





Thoracic and cardiovascular surgeon wanted. Must be 
Board-certified in general surgery, Board-eligible or cer- 
tified in thoracic surgery. 


Please respond to A-158, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Associate sought in private practice limited to thoracic, pe- 
ripheral vascular, and pacemaker surgery. Metropolitan 
area on East Coast. ABTS certified or candidate. 


Please respond to Marvin L. Kolkin, M.D., P.A., 1015 
Spring St, Silver Spring, MD 20910; tel: (301) 588-1080. 





Thoracic surgeon, Board certified or eligible, wanted to join 
two others in busy university-affiliated practice covering all 
aspects of thoracic surgery, except open-heart surgery. 
Practice located in lovely suburban community near New 
York City. Recent graduate preferred. 


Please respond to A-160, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon wanted for rapidly 
growing cardiac surgery program in Midwest. Adult car- 
diac, general thoracic, and vascular surgery. Applicant must 
be ABTS eligible or certified. Salary first year; then full 
partnership. 


Send curriculum vitae to A-161, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 
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REVIEW Take a step toward “Statistical literacy” 
BIOSTATISTICS with this new book from Little, Brown 
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A Review of 
Biostatistics: 


A Program for Self-Instruction, 
Second Edition 


Paul E. Leaverton, Ph.D., 
Associate Director for Research, 
National Center for Health Statistics, 
formerly Professor of Biostatistics, 
University of lowa College of Medicine 


Second 
Edition 
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A command of basic statistical procedures Complete and concise, A REVIEW OF 
and concepts is vital to an understanding of ^ BIOSTATISTICS is an outstanding educational 
current medical literature. This easy-to-use — tool for busy physicians. 
self-instruction text helps professionals at 112 pages, illustrated. Spiralbound, 
every level of health care to refresh their #518522 $6.50 
knowledge of biostatistics. The pro- iki 
grammed approach enables you to pro- 9 ————————————————— — 
gress at your own speed. A REVIEW OF 
BIOSTATISTICS is the most widely used self- ORDER NOW: 
instructional program in biostatistics, and Clip and Mail to: 
the only one focused on the use of statistics 
in health care. It has already earned high 
praise in its first edition. 

The opening pages of this refreshing text 
list specific accomplishments that you can 
expect to achieve after completing the pro- 





Little, Brown and Company 
200 West Street, Waltham, MA 02154 
Please send me. copies of Leaverton's 


A REVIEW OF BIOSTATISTICS (#518522) 
@ $6.50 on 30-day approval. 


gram. The first five sections cover descrip- C Check enclosed. CJ Bill me. 
bution and samples, statistical inference, mem 


and linear regression and correlation. Those 
sections present all the essentials of statis- 
tics, including independent events, normal 
limits, sampling variation, and confidence 
intervals. Since statistical methodology is so 
important to clinical trials and epidemiol- 
ogy, the sixth section teaches the basic 
principles of those two fields. Mastery of Ltd., 75 Horner Avenue, Toronto, Ontario, 
this text enables you to perform a compe- Canada M824X7 

tent critical evaluation of medical literature. Lt. —~ — — —$ — — — — — — J 


Street 


City/State/ZIP 


In U.S. publisher pays postage and handling 
charge if check accompanies order. In Canada 
order directly from J.B. Lippincott of Canada, 
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an over-the-counter remedy for ailing prose. . . 
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A GUIDE TO SCIENTIFIC WRITING 

By Lester S. King, M.D., former Senior Editor and 
later Contributing Editor, Journal of the American 
Medical Association 


WHY NOT SAY IT CLEARLY is unlike any other book on writing. 


It's not dull! 

It doesn't list grammatical rules. 

It doesn't hand down a verdict on a sentence or its 
construction and leave you to figure out how to 
improve it. 


Every criticism Dr. King makes is explained and 
illustrated. WHY NOT SAY IT CLEARLY provides 
hundreds of examples from medical and scientific 
literature, shows you what is wrong, suggests 
improvements, and lets you judge the revision. 


WHY NOT SAY IT CLEARLY sensitizes you to bad 
writing so that you can make your writing smooth 
and clear. Dr. King also gives hints on how to begin 
writing, how to overcome writer's block, how to 
deal with the ordinary frustrations of the creative 
process, and how to revise and edit. And no one 
could be better qualified to advise you than Lester 
S. King. His book rests on 16 years of editorial 
experience with the Journal of the American Medi- 
cal Association. 


The critical awareness that this book can help you 
to develop is worth much more than the $5.95 
WHY NOT SAY IT CLEARLY costs. Order your copy 


on 30-day approval. 
Clearly 186 pages. 
x Paperback, #493465, 


$5.95 


Little, Brown and Company 


Medical Division 
200 West Street 
Waltham, MA 02154 


Subscription Service 


Attach your mailing 
label here 


and mail this whole 


form to 


The Annals of Thoracic Surgery 
Little, Brown and Company 

34 Beacon Street 

Boston, MA 02106 


Change of Address? 

Please give us 4 weeks advance notice. Attach the label 
for your old address above, write in your new address 
below. 


Entering a New Subscription? 

Check the box and fill in your name and address be- 
low. Include your check in the amount shown below. 
(To order a gift subscription please attach a separate 
sheet with full instructions and include payment.) 


Renewing? 

Check the box below, include your check in the 
amount shown below — and make sure your mailing 
label is correct. 


A Question, Complaint? 
We can serve you better and faster if you will enclose 
your mailing label with any correspondence. 


Please send The Annals of Thoracic Surgery 
] Year (12 issues) 


USA Canada Foreign 


Individual $39.50 $40.50 $42.50 
Resident, Intern $29.50 $30.50 $32.50 
Institution $44.50 $45.50 $47.50 


L] New Subscription [] Renewal 


LJ Payment enclosed 
in the amount of $s 
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Gentle Flow... 


Something new has been added to 
both the Bentley Q-220 and Q-220F 
Dipundéd Volume Cardiotomy Reservoirs. A unique parallel blood inlet 
housing, triangular in shape, now channels the incoming blood into a 
single stream which allows it to move smoothly and gently into the 
defoaming chamber; assuring an even, consistent blood flow throughout 
the reservoir. Possible blood trauma is reduced and the amount of viable 
blood elements returned to the extracorporeal circuit is maximized. 





Now, these widely used reservoirs are even more effective and Bentley's 
objective of optimal physiologic operation at maximum patient safety has 
been achieved. For additional information concerning Bentley Disposable 
Cardiotomy Reservoirs, call your Bentley representative, or contact: 


BENTLEY LABORATORIES, INC. 17502 Armstrong Avenue : Irvine, CA 92714 
Telex: 68-5503 BENT LAB IRIN 

Phone (800) 854-0567 

(In California call 800-432-/463) 





In Canada contact: BENTLEY LABORATORIES, CANADA 201 Consumer's Road, Suite 306 - Willowdale, Ontario 
M2J 468 - Phone (416) 497-8809 (416) 497-8815 


In Europe contact: BENTLEY LABORATORIES EUROPE Postbus 169 - Energielaan 3 : Uden, Holland 
Phone 04132-66995 - Telex 50117 NL 





Pathogens don't compromise. 
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Just one pathogen species missed 
antiseptic can cause serious pro at is 
why scrubbing and prepping leave no room for 
compromise with the quality of an antiseptic. 

A small difference in cost is not worth the risk. 


BETADINE Microbicides promptly kill 
ram-positive and gram-negative bacteria, 

ungi, viruses, protozoa and yeasts. 

BETADINE Microbicides have been 
documented specifically by name—and in the 
same formulations you employ in practice— 
in over 650 published reports encompassing 
thousands of clinical procedures. 

BETADINE Microbicides were also chosen 
by NASA for disinfection procedures in Apollo 
splashdowns and in the Skylab mission. 


— BETADINE Surgical Scrub*—for surgical 
scrubbing and patient degerming. 


—— —— BETADINE Solution or BETADINE 
Aerosol Spray—for patient prepping and 
postoperative antisepsis on incisions. 


blems. That is 


_ A9458 
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Uncompromising 


antisepsis for scrubbing 
and prepping 


et 
A 


® 


® 


*In the rare instances of local irritation or sensitivity, 
discontinue use by the individual. 


Purdue Frederick 


©Copyright 1979, The Purdue Frederick Company/Norwalk, CT 06856 
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Expanded Volume Cardiotomy Reservoirs. A unique parallel blood inlet 
housing, triangular in shape, now channels the incoming blood into a 
single stream which allows it to move smoothly and gently into the 
defoaming chamber; assuring an even, consistent blood flow throughout 
the reservoir. Possible blood trauma is reduced and the amount of viable 
blood elements returned to the extracorporeal circuit is maximized. 


Now, these widely used reservoirs are even more effective and Bentley's 
objective of optimal physiologic operation at maximum patient safety has 
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After nine years and thousands of procedures, 
PROLENE suture continues to prove its clinically important 
qualities and characteristics: Monofilament smoothness, 
strength, pliability, knot security and resistance to 
fatigue-induced fracture. Inert PROLENE suture induces 
only a minimal tissue reaction and does not harbor bacteria. 
PROLENE suture retains in vivo tensile strength after 

prolonged implantation even in the presence of infection. 


ETHICON 


INDICATIONS — PROLENE Polypropylene Suture. U.S.P. may be used wherever Nonabsorbable Surgical Suture, U.S.P. is recommended. Due to its relative 


biological inertness. it is recommended for use where the least possible suture reaction is desired. As a true monofilament, PROLENE Polypropylene Suture, U.S.P. 


resists involvement in infection and has been successfully employed in contaminated and infected wounds to eliminate or minimize later sinus formation and suture 
extrusion. Because of its lack of adherence to tissue. PROLENE Polypropylene Suture. U.S.P.. is efficacious as a pull-out suture. CONTRAINDICATIONS — 
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Faster, easier approximation. 
Consistent, reliable skin coaptation. 


Faster approximation 
superior cosmetic results 


xcellent control, improved accuracy 
The PROXIMATE disposable skin stapler is a fast, simple closing 
device that can reduce operating time and provide excellent 
cosmetic results. This instrument is designed to fit your hand for 
comfortable, easy use. Smooth trigger action with less firing force 
and flexible work angle provide excellent control and accuracy. 
Minimal trauma, staples removed easily 

he PROXIMATE stapler forms virtually inert rectangular-shaped 
stainless steel staples. Wound edges are held together by the 
staple's legs. Tissue reaction and trauma are minimal. Wider 

rowns keep the staples upright, minimizing rotation, easing 
emoval. 
staple counts and sizes for all closing needs 
PROXIMATE products are available with regular and wide staples 
n counts of 15, 35, and 55 to meet closing needs for short, 

edium, and long incisions. 


Touch skin lightly using centerline 

indicator to ensure equidistant staple 

placement across the incision. 
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draw instrument with backward 
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Ample space between staple crown 
and skin surface minimizes cross- 
hatching and eases staple extrac- 
tion. Properly placed staples 
provide accurate apposition with 


€ “J , 
atlaila: anieia 


ETHICON 


innovators in wound closure 


PROXIMATE staplers have been 
proven 99% reliable in actual use.** 


ea 
E 2 Oe: 


» 


ke jd 


wu C 


P^ 1 


COSS NEU quick Extraction Superior cosmetic — ie 
easy for surgeon and patient. 


A 
ry 


Extractor designed for easy removal 

of staples. Simply position jaws 

beneath staple span, squeeze 

handles until fully closed, and lift 

staple. **Based on data on file at ETHICON, INC. 


Or PRH and PSV 
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CRC 810B lithiode Daten, | the C1000 has a projected service 
a life of over 9 years*; the C4000, over 15 years** 
Our C1000 and C4000 pacemakers. Think of them as 
4 anew standard in patient safety. 

» For specifications write to Vitatron Medical B.V., 
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and softness. It is treated with suture with long-term holding 

physiologically inert medical- power for long-term security in 

grade silicone for smooth cardiovascular surgery. 
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reinforced PTFE 
vascular grafts. 


And why. 


Presented here is the most current 
bibliography of papers concerning the 
use, and effectiveness, of GORE-TEX 
vascular grafts. 

We are pleased with the number 
of surgeons who have chosen to work 
with, and report on, GORE-TEX 
grafts. The papers listed here represent 
the independent findings of respected 
surgeons, none of whom are connected 
with Gore. 

We are particularly pleased that 
the most recent papers are at least as 
positive in their findings as the early 
ones. And that reported patency rates 
continue tohold firm, even as the 
rate of use increases. 

We still believe that prudence 
and experience indicate the saphenous 
vein as the graft of choice, whenever 
it is available, in good condition, and 
when its removal would not increase 
surgical risk. But the more data we 
accumulate, the more certain we 
become that the GORE-TEX graft is the 
next-best alternative to autografts. 

We wish we had a more substan- 
tial body of long-term clinical data 
(five years follow-up and beyond) to 
offer you as proof. But that is simply 
a matter of time and circumstance. 
Our longest-term patients are just now 
reaching the five-year mark; others 
will soon follow. As our clinical data 
is updated, we'll continue to publish 
the results, so that you can stay in- 
formed of long-term patency. 


Free reprints, 


You can have your choice of any 
of the papers listed below, just by using 
the coupon in this advertisement. 

In addition, so that you can test 
the handling and suture-holding 
characteristics of GORE-TEX grafts 
in the most meaningful fashion, we'll 
also be glad to send you a test kit. This 
kit, not intended for actual surgery, 
includes a short length of GORE-TEX 
graft and a 6-0 double-armed suture. 
Just check the appropriate box. 
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GORE-TEX” 
vascular grafis, 
in brief. 


GORE-TEX vascular grafts are 
made of expanded, low density 
polytetrafluoroethylene (PTFE), rein- 
forced by a strong, fine lattice of 
the same material wound about the 
exterior. 

GORE-TEX vascular grafts 
are easy to handle and kink-resistant. 
They exhibit high suture-holding 
power. And they are, of course, fully 
biocompatible. Unlike knitted or 
woven prostheses, they do not require 
pre-clotting. 

GORE-TEX vascular grafts are 
available in a wide range of diameters, 
up to 22mm. 


Instructions 
for use. 


Opening the Package: 

Place one hand on the PVC blister tray 

and peel back the cover with the other hand. 
Remove the GORE-TEX graft from the tray 
using clean gloves or forceps. 


To Sterilize: 

Grafts may be sterilized using steam or gas 
techniques. Remove the graft from the PVC 
blister tray and repackage it for sterilization. 
Take care not to place the graft under heavy 
or sharp objects during sterilization which 
might crush the graft. Insure that you do not 
attempt to sterilize the label attached to the 
PVC blister tray with the graft, as the ma- 
terials on the label (inks and adhesives) may 
contaminate any objects in contact with the 
label during the sterilization cycle. 

Using a gravity displacement steam steri- 
lizer, autoclave at or above these minimum 
requirements: 270°F (132°C) for 15 minutes 
at 30 psi. Grafts must never be exposed to 
temperatures greater than 482°F (250°C). 
Using a pre-vacuum steam sterilizer, auto- 
clave at or above these minimum require- 
ments: 270°F (132°C) for 4 minutes at 30 psi. 
Grafts should never be exposed to tempera- 
tures greater than 482?F (250°C). 

Using gas, sterilize according to equipment 
Do not sterilize this graft by radiation tech- 
niques. 

The GORE-TEX graft may be sterilized many 
times without compromising its mechanical 
or structural integrity. If the graft is handled 
gently, with gloved hands or clean instru- 
ments and without undue manipulation, 
unused portions of the graft may be sterilized 
as often as necessary. Do not attempt to 
re-sterilize any unused graft portion that has 
been contaminated with blood or any foreign 
material. 


Instructions: 

1. Use a 5-0 or 6-0 non-absorbable suture 
with a cardiovascular needle for best results 
on graft diameters of 6mm or less. Larger 
sutures may be used with larger diameter 
grafts. Use only non-absorbable sutures. 


2. Intra-operative inspection of anastomoses 
using irrigant solutions may result in serum 
leakage when blood flow is established in 
the graft. To prevent this, care must be taken 
not to generate syringe pressures sufficient 

to force irrigant through the graft walls. To do 
so will alter the hydrophobic (non-wetting) 
properties of GORE-TEX grafts. 

3. Trim grafts to desired length using sharp 
surgical instruments. Grafts should be han- 
dled with clean forceps or gloves. GORE-TEX 
grafts are not "elastic" Therefore, proper 
matching of lengths is essential. If the graft 
is cut too short, excessive stress may be 
placed on the sutures, vessel, or graft at the 
anastomosis. 


4. Bleeding from suture holes may be mini- 
mized by using as small a suture needle as 
possible; and by following the curve of the 
needle through the graft wall. Topical 
thrombin solution may be applied to the 
suture line in conjunction with Surgicel* or 
Oxicel* soaked in thrombin to aid in mini- 
mizing anastomotic bleeding. 

5. Ensure, when using this graft in blood 
access applications or where repeated 
needle punctures of the graft are nec- 
essary, that needle puncture sites 

are spaced apart along the accessible 
subcutaneous length of the graft. 
Repeated needle puncture of the 
graft at the same site, or within 
the same immediate area, 
may cause mechanical 
damage to the graft 


which could lead to hematoma, false 
aneurysm or true aneurysm. Patients should 
be carefully monitored to assure that this 
instruction is followed. 

Precautions: 

1. Do not pre-clot the graft. 

2. Do not cut the graft while holding under 


excessive tension. Doing so may cause separa- ; 


tion of the outer layer. The GORE-TEX graft 


is a composite structure consisting of an inner t 


base tube and a thin outer layer which 
reinforces the base tube to prevent aneurys- 
mal dilation. Do not use any portion of a 
GORE-TEX graft which has damage to, or 
separation of, the outer layer of the graft. 


*Surgicel is a registered trademark of Surgikos 
Johnson/Johnson 

*Oxycel is a registered trademark of Parke-Davis, Inc. 

*Betadine is a registered trademark of 
Purdue Frederick Co., Norwalk 

®GORE-TEX is a registered Trademark 
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Should the outer reinforcing layer become 
frayed at the end of the graft, do not pull 

on or peel the outer layer from the base tube. 
Carefully trim off the portion of the graft 
where the outer layer is frayed. 


3. Do not allow the graft to become wetted. 
The normally hydrophobic GORE-TEX Vas- 
cular Graft can be wet with organic solvents 
such as alcohol or Betadine"; by excessive 
manipulation of the graft with blood prior to 
bringing it through the tunnel; or by for- 
cing irrigating solutions through the wall. 
Wetting prior to establishing blood flow 

may create a condition which could allow 
persistent plasma leakage. 


4. Do not puncture the graft repeatedly at 
the same site, or within the same immediate 
area. (See Instruction #4.) 


Please Note: 
Our animal data does not support the use 
of this graft in aorta-coronary bypass applica- 
tions. We have insufficient clinical data on 
which to base any conclusions regarding 
sm this application. We 
| SW. also have insuffi- 
i iL cient data on which 
to recommend 

its use as patch 

material. 
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ANNOUNCEMENT 


Statement on Extracorporeal Technology 


In October, 1979, the Councils of the Amer- 
ican Association for Thoracic Surgery and the 
Society of Thoracic Surgeons unanimously en- 
dorsed the following position statement re- 
garding Cardiovascular Perfusion and its re- 
lationship to Thoracic and Cardiovascular Sur- 
gery developed by an ad hoc committee of the 
two organizations consisting of Drs. Thomas D. 


| Bartley, Arthur C. Beall, Jr., and Harold C. 


Urschel, Jr., with Richard J. Cleveland as 


— Chairman: 


The American Association for Thoracic Surgery and 


` the Society of Thoracic Surgeons encourage and sup- 


port the extracorporeal technologists in their efforts 
to insure the safety of patients undergoing extracor- 
poreal circulation. 


The American Association for Thoracic Surgery and 
the Society of Thoracic Surgeons encourage and sup- 
port the efforts of extracorporeal technologists to in- 


sure continued competence in their area of medical. 


care by providing educational programs such as 
those of the American Society of Extracorporeal 
Technology (AmSECT). 


The American Association for Thoracic Surgery and 
the Society of Thoracic Surgeons encourage and sup- 
port in principle efforts to insure the competence of 
extracorporeal technologists by certification and re- 
certification. 


Further, that until such time as there are adequate 
numbers of approved training programs for ex- 
tracorporeal technologists to assure that the man- 
power needs in the United States for extracorporeal 
circulation are adequately met, examination for cer- 
tification should not be restricted only to graduates 
of approved programs. 


The American Association for Thoracic Surgery and 
the Society of Thoracic Surgeons believe that the ac- 
creditation of training programs for extracorporeal 
technologists should be performed by the Joint Re- 
view Committee already established by the Council 
on Allied Health Education and Accreditation 
(CAHEA). 


The American Association for Thoracic Surgery and 
the Society of Thoracic Surgeons believe that in order 
to conform with the other accrediting and certifying 
activities of allied health professional groups that 
physicians should be members of both the training 
program accrediting body and the certifying body. 
We believe that the compositions of each of these 
separate groups should consist of duly appointed 
representatives of the American Society of Extra- 
corporeal Technology and certified extracorporeal 
technologists as well as physician representatives 
from the American Association for Thoracic Surgery 
and the Society of Thoracic Surgeons and other 
medical disciplines in which physicians may be ac- 
tively involved in extracorporeal circulation and 
life-support systems. 


The American Association for Thoracic Surgery and 
the Society of Thoracic Surgeons recommend that in 
the future all public and governmental communica- 
tions concerning extracorporeal techniques and 
equipment be the result of coordinated efforts in- 
volving recognized physician and extracorporeal 
technologist organizations. 


The American Association for Thoracic Surgery and 
the Society of Thoracic Surgeons firmly believe that 
the ultimate responsibility for the conduct of a surgi- 
cal procedure requiring cardiopulmonary bypass re- 
sides with the physician/surgeon-in-charge. We also 
recognize the responsibility of other involved physi- 
cians and allied health personnel in conducting such 
a procedure. However, it must be understood that 
the surgeon in charge is morally, legally, and ethi- 
cally responsible for the care of the patient. 





EDITORIAL 


Percutaneous Intraaortic Balloon Pumping 


Valavanur A. Subramanian, M.D. 


With increasing experience, the original indi- 
cations for intraaortic balloon pumping in 
cardiogenic shock due to acute infarction, post- 
operative severe low cardiac output state, or in- 
ability to wean from cardiopulmonary bypass 
have been extended to include refractory un- 
stable angina in the period before and after in- 
farction, recurrent life-threatening  tachyar- 
rhythmias, and preoperative support in the 
presence of severe left ventricular dysfunction. 
Recently, intraaortic balloon pumping has been 
used both experimentally and clinically to re- 
duce infarct size. 

During the first few years following the in- 
troduction of the intraaortic balloon pump for 
clinical use early in 1968, the development 
of different designs for balloon catheters and 
balloon driving consoles proceeded at a fast 
pace. In the 1970s, most of the efforts in the field 
of intraaortic balloon pumping have been di- 
rected mainly toward clarifying the indications 
for and to reporting large clinical experiences 
with this therapeutic modality. During this pe- 
riod, no major advances in balloon technology 
have been made. However, within the last two 
years, attention is being focused again on im- 
proving the design of the balloon pump cathe- 
ters as well as the balloon driving console. One 
of the major disadvantages of the design fea- 
tures with the currently available intraaortic 
balloon catheters is that they must be inserted 
by a surgical cutdown of the common femoral 
artery. Obviously, this results in considerable 
delay in the application of intraaortic balloon 
pumping very early in situations in which it is 
indicated. The article by Drs. Bregman and 
Casarella in this issue of The Annals (p 153) 
gives a perfect solution to this major disadvan- 
tage of intraaortic balloon pumping. 

The concept of percutaneous intraaortic bal- 
loon pumping is an attractive one. Concurrent 
with Dr. Bregman and Dr. Casarella, we began 
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our evaluation of this new balloon catheter in 
February, 1979. To date, we have tried per- 
cutaneous balloon pumping in 40 patients. Our 
initial experience confirms their conclusions. 
The insertion and removal of this balloon 
catheter can be done rapidly, and the he- 
modynamics of balloon pumping are similar 
to the clinical experience with the standard 
available intraaortic balloon catheters. Further, 
this new balloon catheter is adaptable to differ- 
ent driving consoles on the market. Since the 
technique of insertion and removal is easy, use 
of this catheter has become a standard car- 
diological procedure in our hospital for those 
patients who need balloon pumping in the 
postinfarction period. 

Several limitations with this new balloon 
catheter have to be recognized and kept in 
mind when one considers its potential wide- 
spread use in the future. Because of the exten- 
sive nature of arteriosclerotic disease in pa- 
tients who need intraaortic balloon pumping, 
attempts to pass the catheter, even percutane- 
ously, will be unsuccessful in a certain percent- 
age of patients. Indeed, in our experience with 
40 patients, the failure rate of passage of the 
catheter is 10.896. I emphasize that many vas- 
cular problems still can occur during per- 
cutaneous balloon insertion and removal and 
that a vascular or cardiovascular surgeon should 
be available for consultation. Four out of the 20 
patients in whom percutaneous balloon re- 
moval was done have lost dorsalis pedis and 
posterior tibial pulses. One of them had tran- 
sient ischemic symptoms without any delayed 
complications. After follow-up of one to seven 
months, no delayed complications of limb isch- 
emia or pseudoaneurysm at the site of insertion 
have been seen. 

In 1 patient, bleeding at the attempted site of 
passage was seen postoperatively. This event 
emphasizes that a recent incision near the groin 
with violation of the subcutaneous tissue 
should be considered a relative contraindica- 
tion for percutaneous balloon pumping. This 
new balloon catheter, once it is wrapped, is 
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flexible; therefore, it is easy to accidentally in- 
sert the balloon into any of the major visceral 
arteries or into the ascending aorta, as was seen 
in 3 of our patients. Proper attention must be 
paid to the positioning of the balloon and cor- 
rect measurement of the distance that it is to be 
inserted. Since the entire mechanism of wrap- 
ping and unwrapping this balloon catheter 
rests on a finite swivel mechanism inside the 
catheter at its junction with the balloon mem- 
brane, the manufacturer should try to perfect 
this swivel mechanism so that the failure rate of 
unwrapping is negligible. In 3 patients in our 
series, failure of the balloon to unwrap in the 
aorta was noted by a lack of diastolic augmen- 
tation. This was corrected easily by rotating the 
catheter in the aorta in 2 patients and by with- 
drawing the balloon catheter and rewrapping 
and reinserting the catheter in the third. 
Because of the ease of insertion of this bal- 
loon catheter, I expect that use of percutaneous 
balloon pumping will be extended to many 
community hospitals. I caution that. strict at- 
tention must be paid to the details of insertion 
and removal. During insertion, only the com- 


mon femoral artery should be punctured, and 
the puncture should be about a finger length 
below the groin crease. If the puncture is done 
too far below, the catheter and the sheath will 
be in the superficial femoral artery, thus com- 
promising the blood supply to the leg immedi- 
ately. During removal, it is conceivable that a 
small amount of fibrin clot or atherosclerotic 
plaque may be dislodged from the puncture site 
and carried downstream to cause limb isch- 
emia. I believe that finger pressure of the com- 
mon femoral artery below the puncture site 
should be done prior to removal of the catheter 
to prevent any debris from being carried 
downstream into the superficial or deep femoral 
artery. Further large experience is needed to as- 
sess the rate of complication of percutaneous 
balloon pumping so that one can expand its in- 
dications judiciously. In view of the present 
safety, effectiveness, and extreme value of per- 
cutaneous intraaortic balloon pumping in my 
clinical experience, I think it is a very desirable 
if not an absolutely essential part of the ar- 
mamentarium of every cardiac surgical team as 
well as every coronary care unit. 


ORIGINAL ARTICLES 


Penetration Characteristics of Cefamandole 
into the Right Atrial Appendage and Pericardial Fluid 
in Patients Undergoing Open-Heart Surgery 


Neil H. Olson, M.D., Charles H. Nightingale, Ph.D., 


and Richard Quintiliani, M.D. 


ABSTRACT In 24 patients undergoing open-heart 
operation, 2 gm of cefamandole was administered 
intravenously by bolus technique at various time 
intervals prior to operation. Samples of pericardial 
fluid, atrial appendage tissue, and serum were ob- 
tained simultaneously in order to compare antibiotic 
levels in these sites as a function of time. All sam- 
ples were microbiologically assayed by disc diffu- 
sion. Using linear regression analysis, the atrial ap- 
pendage and serum half-lives for cefamandole were 
36 and 38 minutes, respectively. At 40 minutes, peak 
levels of cefamandole were observed both in 
pericardial fluid and in atrial appendage tissue. The 
peak concentrations of cefamandole were 50 ugigm 
in atrial appendage and 25 ug/ml for free drug con- 
tent in pericardial fluid. These amounts were ap- 
preciably above the mean minimum inhibitory con- 
centration of cefamandole for penicillin-resistant 
staphylococci, the usual pathogens grown in infec- 
tions following implant operation. 


The seriousness of infection following open- 
heart operation and the proved effectiveness of 
prophylactically administered antibiotics [5, 9, 
13] in this type of operation have made their 
usage commonplace. Cephalosporins have 
been a natural choice for prophylaxis since they 
are effective against the vast majority of strains 
of Staphylococcus aureus and Staphylococcus 
epidermidis [19] and since there is a high per- 
centage of strains of S epidermidis that are resis- 
tant to the semisynthetic penicillins. 

In our continuing study of the pharma- 
cokinetics of cephalosporins, we have evalu- 
ated the penetration characteristics of cefaman- 
dole into the right atrial appendage of the heart 
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and into pericardial fluid in patients undergo- 
ing elective open-heart operation. 


Material and Methods 

Twenty-three patients undergoing coronary 
artery bypass or cardiac valve replacement were 
used in this study. They ranged from 46 to 70 
years old (mean age, 59.3 + 7.2 years). Each pa- 
tient underwent a complete history and physi- 
cal examination, and had the following clinical 
and hematological tests: complete blood count, 
urinalysis, blood urea nitrogen, serum trans- 
aminases, bilirubin, alkaline phosphatase, and 
serum creatinine. In all patients, the results of 
these tests were normal. 

Each patient received a single dose of 
cefamandole, 2 gm, by rapid (less than 5 
minutes) intravenous injection at various 
times (20 to 120 minutes) prior to the removal of 
the right atrial appendage. Immediately on the 
opening of the pericardium, a 10 ml sample of 
pericardial fluid was collected. Special precau- 
tion was taken to avoid contamination of this 
fluid with blood by wiping the pericardium 
dry, lifting it with forceps, making a small inci- 
sion, and then aspirating pericardial fluid with 
a catheter and syringe. Shortly thereafter, a 10 
ml blood sample was obtained and at the time 
of heart cannulation, a right atrial appendage 
tissue specimen was obtained. The times of 
drug administration and sample collection were 
carefully noted. 

The heparinized blood samples were imme- 
diately placed in a refrigerated centrifuge at 
3,250 X g for 10 minutes. The plasma was de- 
canted into tubes and stored at —80°C until 
analyzed. The samples of atrial appendage tis- 
sue and pericardial fluid were initially immedi- 
ately frozen in liquid nitrogen and stored at 
—80°C until analyzed. | 

Antibiotic concentrations were determined 
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by the disc diffusion method using Bacillus sub- 
tilus (ATCC 6633) as the test organism. All 
plasma samples were diluted with an equal 
volume of acetone, assayed on Bactonantibiotic 
Medium 1, and incubated at 39°C for 6 hours. 
Zone diameters were measured on a Fisher- 
Lilly zone-reader to the nearest 0.1 mm and 
compared with standard curves prepared in a 
5096 pH 7.2 buffer-acetone solution. Previous 
experiments revealed that standard curves pre- 
pared in 5096 plasma-acetone solutions were 
identical to standard curves prepared in 5096 
buffer-acetone solution. All data were cor- 
rected for dilution effects. 

Each sample of atrial appendage tissue was 
divided in half. One half was rinsed with nor- 
mal saline solution to remove adhering surface 
blood. The tissue was blotted dry, weighed 
rapidly, homogenized in an ice-jacketed hand 
homogenizer in phosphate buffer so that the 
total volume was 1.4 ml. The homogenization 
was completed within 5 minutes. The homoge- 
nate was centrifuged at 43,100 x g for 20 min- 
utes at 4°C. Three 20 ml supernatant samples 
were assayed microbiologically and compared 
with standard curves prepared in phosphate 
buffer. All supernatant samples were corrected 
for dilution effects. Excess drug concentration 
due to blood contamination was measured by 
the method of Lowry and Hasting [15], and 
was found to average 6.3 + 2.7% of the mea- 
sured tissue concentration. All data were cor- 
rected for the actual amount of drug present due 
to blood contamination. 

The other half of the tissue sample was 
rinsed, blotted dry, and weighed. This tissue 
was used to determine drug recoveries -em- 
ploying the so-called spike technique as de- 
scribed by Cunha and associates [6]. The per- 
centage of drug recovered was 98.9 + 6.7%. All 
data were corrected for these recovery values. 

Pericardial fluids were analyzed for unbound 
and total drug. For the measurement of total 
drug levels, a portion of the pericardial fluid 
samples was mixed with an equal volume of 
acetone and centrifuged at 3,250 x g for 10 min- 
utes at 4°C, and the supernatant was measured 
microbiologically against a 50% acetone- 
phosphate buffer standard curve using the pro- 
cedure described for plasma. All assays were 


performed in triplicate and corrected for dilu- 
tion effects. 

Analysis of pericardial fluid for free drug 
concentrations involved a separation using the 
ultrafiltration technique of Greene and col- 
leagues [10]. The filtrate containing unbound 
drug was assayed microbiologically by the 
technique described by Bassaris and co- 
workers [3] using a standard curve prepared in 
phosphate buffer. All data were fit with a linear 
regression analyzing program. 


Results 

As shown in Figure 1, which records the levels 
of cefamandole in the atrial appendage (nor- 
malized to a dose of 2.0 gm per 70 kg of body 
weight) as a function of time, the tissue half-life 
was approximately 36 minutes. Peak concen- 
trations of about 50 ug/gm were achieved ap- 
proximately 40 minutes after dosing. Tissue 
levels persisted until approximately 225 min- 
utes after dosing. 

The normalized serum half-life as shown in 
Figure 2 is approximately 38 minutes with a 
concentration at the half-life of 115 ug/ml. 
Serum levels decreased to about 23 ug/ml at 125 
minutes after dosing. 

The data in Figures 1 and 2 represent all of the 
patients for whom valid samples were ob- 
tained. The data were not corrected for dif- 


Fig 1. Right atrial appendage tissue levels of cefaman- 
dole following a single dose of 2 gm administered intra- 
venously. 
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Eig 2. Serum levels of cefamandole following a single 
dose of 2 gm administered intravenously. 
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Fig 3. Pericardial fluid levels of cefamandole following a 
single dose of 2 gm administered intravenously. 


ferences in renal function. The creatinine clear- 
ances ranged from 39 to 114 ml per minute 
(mean, 71.7 t 22.5 ml per minute). Although 
the patients with creatinine clearances of ap- 
proximately 50 ml per minute or less tended to 
have higher serum and tissue levels, the fluctu- 
ation in the data is such that excluding them 
from the analysis is not justified, especially 
since this range of renal function is not un- 
common for patients in this age group under- 
going open-heart operation. 

The percentage of drug bound in pericardial 
fluid was 76.0 + 7.596. Free peak concentrations 
of cefamandole were approximately 8 ug/ml (Fig 
3) at 40 minutes after dosing. The peak level for 
total drug was approximately 25 ug/ml for 
cefamandole. 


Comment 

Cefamandole is one of a series of newer 
cephalosporin antibiotics. Previous studies [2, 
22| demonstrated its serum half-life to range 
from 27 minutes (0.45 hour) to 72 minutes (1.2 


hours) after intravenous injection. The serum 


half-life in our study was 38 minutes, a figure 
well within the reported range of values. Tissue 
half-life of cefamandole was 36 minutes in 
this study. Protein binding has been reported 
to range between 67 and 74% [2, 8, 11, 20]. We 
found the percentage of bound drug in pericar- 
dial fluid to be 76.0 + 7.5%. Peak serum levels 
of cefamandole are difficult to compare because 
previous workers have used different doses and 


rates of administration [20]; however, for com- 


parison, Griffith and associates [11] used a 2 gm 
dose given intravenously over 10 minutes, 
which was the closest to our dose and rate of 
administration. They found a peak serum level 
of 240 ug/ml. Our peak serum level also was 240 
pgiml. They found a serum level of 2.2 ug/ml 
remaining after 4 hours, and our figures ex- 
trapolate to a serum level of 2.9 ug/ml after 4 
hours. Thus, it can be seen that the phar- 
macokinetic data reported here are similar to 
those found previously when the drug was ad- 
ministered in the same dose, rate, and route of 
administration. r 

. It has been well demonstrated that protein 
binding of an antibiotic can profoundly 
influence its distribution within the body [14]. 


-— 
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In general, a drug that is less highly protein 
bound will diffuse better into interstitial fluids 
owing to a larger fraction of tree drug [1]. In a 
study by Quintiliani and associates [21] com- 
paring the tissue penetration of two cephalo- 
sporins (cephalothin and cephapirin) with es- 
sentially similar pharmacokinetics except for 
the degree of protein binding, it was the anti- 
biotic (cephapirin) with the lower serum protein 
binding that produced the highest levels in 
atrial appendage tissue and pericardial fluid. 

The next issue to be considered is whether 
the drug persists in tissue in concentrations 
sufficiently above the minimum inhibitory 
concentration of cefamandole for 5 aureus and 
S epidermidis, and .whether these levels are 
present throughout the surgical procedure. 
The minimum inhibitory concentrations of 
cefamandole for penicillin-resistant 5 aureus 
and S epidermidis are 0.43 ug/ml (range, 0.3 to 
0.625 ugiml) [17] and < 1.6 ug/ml [7], respec- 
tively. The serum level of 2.9 ug/ml achieved 4 
hours after a 2 gm dose of cefamandole is well 
above the usual minimum inhibitory concen- 
tration needed. If, as Burke [4] claimed, ade- 
quate tissue levels of antibiotic are needed at 
the time of bacterial contamination in order to 
prevent infection, then it is apparent that suffi- 
cient levels of cefamandole would exist in heart 
tissue throughout the duration of most open- 
heart procedures (i.e., peak levels of 50 ug/gm 
in atrial tissue and 25 ug/ml in pericardial fluid 
at 40 minutes and an atrial tissue level of 1 
uglgm at 225 minutes (3.75 hours). The mean 
duration of operation in our study was 238 
minutes. After a single dose of cefamandole, 20 
mg per kilogram, given intramuscularly during 
anesthesia induction, Archer and colleagues [1] 
detected atrial appendage levels (10 to 60 
uglgm) 30 to 60 minutes after injection that 
were very similar to the ones we obtained. 

In conclusion, after a single 2 gm dose by the 
intravenous route, cefamandole penetrates into 
atrial appendage tissue and pericardial fluid in 
concentration appreciably above the usual 
amount needed to inhibit penicillinase- 


it should be at least as effective as £25 
cephalosporins in the prevention of infe Hi S 
following cardiac operation. D 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-seventh Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Greenbriar, White Sulphur Springs, 
WV, Nov 13-15, 1980. There will be a $100 reg- 
istration fee for nonmember physicians except 
for guest speakers, authors and co-authors on 
the program, and residents. 

Members wishing to participate in the scien- 
tific program should submit abstracts in tripli- 
cate, by June 1, 1980, to John R. Derrick, M.D., 
University of Texas Medical Branch, Galveston, 
TX 77550. Abstracts should be double-spaced 
on one side of one sheet of paper, with a 1-inch 


left margin, and limited to 200 words. All slides 
used during the presentation must be 35 mm. 
The abstract must list a member as a co-author. 
Manuscripts of accepted papers must be sub- 
mitted to The Annals of Thoracic Surgery by Oct 
15, 1980. 

Applications for membership should be 
completed by Sept 1, 1980, and forwarded to 
E. P. Smith, jr., M.D., 425 S Bath Club Blvd, 
N Redington Beach, FL 33708. 


Richard B. McElvein, M.D. 
Secretary-Treasurer 
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Serum Cefazolin Levels 


during Cardiopulmonary Bypass 


Bechara F. Akl, M.D., and Gregory Richardson, M.D. 


ABSTRACT This study was done to assess the ade- 
quacy of a regimen using cefazolin as a prophylactic 
antibiotic for patients undergoing open-heart opera- 
tion. At the time of the preoperative medication, 
adult patients received 1 gm of cefazolin intramus- 
cularly, and pediatric patients were given a dose of 
20 mg per kilogram of body weight. Group I con- 
sisted of 10 adults undergoing a variety of cardiac 
procedures. The mean serum cefazolin level after 
institution of cardiopulmonary bypass was 27.36 
pg/ml (range, 13.1 to 40.3 wg'ml). This level re- 
mained fairly stable throughout cardiopulmonary 
bypass. Group II consisted of 10 pediatric patients 
undergoing cardiac procedures for repair of a variety 
of congenital anomalies. The mean serum cefazolin 
level after institution of cardiopulmonary bypass 
was 20.01 ug/ml (range, 11.4 to 28.9 ug/ml) and re- 
mained stable for the duration of the procedure. In 
both groups perfusion pressure, urinary output, and 
body temperature did not seem to have any influ- 
ence on these levels. 

It is concluded that the administration of one dose 
of cefazolin intramuscularly before operation results 
in an adequate and stable serum cefazolin level in 
patients undergoing cardiopulmonary bypass for up 
to three hours, possibly longer. 


Mediastinal and intracardiac infections are very 
serious complications of open-heart operations. 
In spite of widespread use of prophylactic anti- 
biotics, the incidence of these infections is still 
in the range of 2% in most reported series [1, 7, 
9]. The fact that the majority of these infections 
are caused by organisms that are sensitive (in 
vitro) to the prophylactic antibiotics used raises 
some doubts about the effectiveness of the 
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prophylactic antiobiotic regimen. Although 
most centers continue to use prophylactic anti- 
biotics, there is no unanimous agreement about 
the best choice of antibiotic and the best 
method of administration [1, 6, 9]. In fact, some 
authors have recommended the utilization of 
no prophylactic antibiotics at all [12]. A major 
step toward establishing the adequacy of an 
antibiotic regimen is to document adequate 
serum and tissue levels during the period when 
the patient is most vulnerable. We have inves- 
tigated the serum levels of cefazolin, currently 
our first choice for use in prophylaxis with 
open-heart operation. The results of this inves- 
tigation form the basis of this report. 


Material and Methods 

Two groups of patients were studied. Group I 
consisted of 10 adults undergoing a variety of 
cardiac procedures: coronary artery bypass, 6 
patients; aortic valve replacement, 1 patient; 
mitral valve replacement, 2 patients; and atrial 
septal defect, 1 patient. Group II consisted of 10 
pediatric patients operated on for repair of a va- 
riety of congenital cardiac malformations: atrial 
septal defect, 4 patients; ventricular septal de- 
fect, 4 patients; tetralogy of Fallot, 1 patient; 
and pulmonary valvotomy, 1 patient. The Table 
summarizes the pertinent data related to the 
procedures. All patients had normal renal and 
hepatic functions preoperatively. None had a 
history of allergy to the cephalosporins. Each 
patient received one preoperative dose of 
cefazolin intramuscularly at the time of admin- 
istration of the preoperative medications: 1 gm 
for adults and 20 mg per kilogram of body 
weight for children. Induction of anesthesia 
took place 45 minutes to an hour following the 
administration of the antibiotic and the pre- 
operative medications. If the procedure was 
prolonged beyond four hours, another dose 
was administered intravenously. The post- 
operative antibiotic regimen was begun on ar- 
rival at the surgical intensive care unit and 
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Clinical and Operative Data 


Group I Group II 
Data Mean Range Mean Range 
Age (yrs) 49.5 2964 3.64 11 mo-10 
BSA (m7) 1.86 1.65-2.06 0.63 0.38-1.0 
Weight (kg) 76.25 61.0—103.0 15.02 7.2—28.0 
CPB time (min) 122.9 25—458 48.6 21-105 
U/O during CPB (ml) 780.1 0—1545 54.0 0-233 
U/O total (ml) 1350.1 260—2940 236.8 45-508 
Mean BP (mm/Hg) 30-95 20-90 


BSA = body surface area; CPB = cardiopulmonary bypass; U/O = urinary output; BP = blood pressure. 


maintained for five days. It consisted of the 
intravenous administration of the same dose 
every six hours. 

Serum cefazolin levels were determined at 
the following intervals: 


1. At the induction of anesthesia 

2. Five minutes before and 5 minutes after in- 
stitution of cardiopulmonary bypass 

3. Fifteen minutes after institution of car- 
diopulmonary bypass 

4. Every 30 minutes thereafter during car- 
diopulmonary bypass 

5. During chest closure 


Serum samples were collected, frozen, and 
shipped to Eli Lilly and Company in Indian- 
apolis for the assays. Samples were diluted 
to test level with pooled, human plasma and 
were assayed against standards of cefazolin 
prepared in plasma. Cefazolin levels were de- 
termined by a conventional cylinder-plate mi- 
crobiological assay. 

Our technique of cardiopulmonary bypass 
consisted of the use of the Harvey bubble 
oxygenator with hemodilution to maintain a 
hematocrit of 25 to 30%. Moderate hypothermia 
(28°C) was used on most patients except for re- 
pair of secundum atrial septal defect. All pa- 
tients recovered. There was no incidence of 
renal or hepatic failure. There were no medias- 
tinal or endocardial infections. 


Results 
Group I 
In this group of adult patients (Fig 1), the mean 
serum cefazolin level at induction of anesthesia 
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Fig 1. Mean and range serum cefazolin levels in 10 adult 
patients. The last three values were obtained in only 3 
patients receiving additional doses of cefazolin. (CPB = 
cardiopulmonary bypass.) 


was 33.25 ug/ml (range, 8.2 to 55.5 uglml). Be- 
fore cardiopulmonary bypass,:the serum level 
rose to a mean of 46.64 ug/ml (range, 23.6 to 65.0 
p.glml). Even the patient with the lowest level at 
induction had a rise from 8.2 to 23.6 ug/ml. A 
rise in the serum cefazolin level between the 
induction of anesthesia and the institution of 
cardiopulmonary bypass was encountered in 9 
of the 10 adult patients. At the institution of 
cardiopulmonary bypass and during a 10- 
minute interval, there was a consistent drop in 
the serum level to a mean of 27.36 ug/ml (range, 
13.1 to 40.3 g/ml). This level remained fairly 
stable throughout cardiopulmonary bypass and 
until chest closure. The lowest level recorded 
was 8.2 ugíml. Levels of perfusion pressure, . 
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Fig 2. Serum cefazolin level in a patient undergoing 
prolonged cardiopulmonary bypass (CPB) and receiving 
two additional doses of cefazolin. (11 = initial dose; 

12 — additional doses.) 


urinary output, and body temperature did not 
seem to have any influence. In 1 patient under- 
going a prolonged procedure, two additional 
doses were administered at four-hour intervals. 


The serum level peaked rapidly after each addi- . 


tional dose, then leveled off at a higher plateau 
(Fig2. 


Group II 

In the 10 pediatric patients (Fig 3), the mean 
serum cefazolin level at the induction of anes- 
thesia was 51.9 uglml (range, 33.2 to 77.2 
pgiml. The rise demonstrated in the adult 


Fig 3. Mean and range serum cefazolin levels in 10 
pediatric patients. (CPB = cardiopulmonary bypass.) 
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group from induction of anesthesia to the in- 
stitution of cardiopulmonary bypass was not 
encountered in this group. The mean level be- 
fore cardiopulmonary bypass was 39.94 uglml 
(range, 20 to 73 pg/ml). With the institution 
of cardiopulmonary bypass, the level dropped 
to a mean of 20.01 ug/ml (range, 11.4 to 28.9 
ug/ml) and then remained stable for the dura- 
tion of the procedure. The lowest level recorded 
was 9.8 ug/ml. As in Group I, perfusion pres- 
sure, urinary output, and body temperature did 
not seem to have any influence on these levels. 


Comment 

There is currently general agreement that the 
use of prophylactic antibiotics for cardiac pro- 
cedures involving the use of cardiopulmonary 
bypass is indicated [1, 2, 9, 11]. The main goal 
is to eliminate mediastinal and endocardial in- 
fections, which have serious implications. It 
has been established that in order to achieve 
optimal prophylaxis the antibiotic used should 
be present in adequate levels in the serum and 
tissues at the time of contamination, that is, 
during the surgical procedure and in the early 
postoperative period [4, 5]. There have been no 
documented benefits from the administration 
of antibiotics for prolonged periods before or 
after operation. To the contrary, prolonged ad- 
ministration may be harmful in selecting out 
more resistant organisms. 

The organisms most commonly encountered 
in infections occurring after cardiac operations 
have been of the staphylococcus species and a 
rising incidence of gram-negative organisms [1, 
7, 9]. Cefazolin, in view of its broad spectrum, 
low toxicity, and ease of administration, is our 
first choice in patients with no history of allergy 
to the cephalosporins. Some reports have raised 
doubts about the effectiveness of this group of 
antibiotics. Benner [3], studying.a group of pa- 
tients receiving cephalothin on the night before 
and the morning of operation, showed minimal 
activity in the serum of only 3 of 6 patients. This 
minimal activity disappeared rapidly after in- 
stitution of cardiopulmonary bypass. Williams 
and Steele [13], also using cephalothin as a 
prophylactic antibiotic, reported findings sim- 
ilar to ours. Their serum cephalothin levels re- 
mained stable during cardiopulmonary bypass. 
This was corroborated in the findings of Eigel 
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[8], Kini [10], and their associates. They re- 
ported adequate serum levels and slow clear- 
ance rates for several cephalosporins tested. In 
these two reports, the decreased rate of clear- 
ance during cardiopulmonary bypass was as- 
sumed to be secondary to a decreased renal 
perfusion, although the urinary output was not 
mentioned. Some of our patients had a rather 
high urinary output, and yet their serum 
cefazolin levels were stable. It was also of inter- 
est that hypothermia had no apparent effect on 
the rate of excretion since the curves for pa- 
tients operated on under normothermia and for 
those operated on under moderate hypothermia 
were very similar. 

Analysis of the cefazolin level curve for the 
patient undergoing a prolonged cardiopulmo- 
nary bypass (see Fig 2) is very enlightening. In 
spite of a rather high urinary output, when the 
two additional doses were given at four-hour 
intervals, the peak serum level was high, and 
the plateau following the second additional 
dose was higher than after the previous one. 
This raises a question about the wisdom of re- 
peated administration of antibiotics during 
cardiopulmonary bypass because there is con- 
cern about the increased likelihood of side- 
effects and toxicity. . 


The mechanism of this decreased clearance of . 


some antibiotics from the serum of patients on 
cardiopulmonary bypass has not been eluci- 
dated. This fact should probably be taken into 
consideration in patients on prolonged total or 
partial bypass for treatment of cardiac or respi- 
ratory failure. Further investigation of anti- 
biotic clearance rates under these circum- 
stances seems indicated. 

In conclusion, we believe that one dose of 
cefazolin administered intramuscularly with 
the preoperative medications provides ade- 


quate serum cefazolin levels during cardiac op- 
eration in patients undergoing cardiopulmo- 
nary bypass for up to three hours, possibly 
longer. 
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Propranolol for Prevention of Postoperative 
Cardiac Arrhythmias: A Randomized Study 


Larry W. Stephenson, M.D., Horace MacVaugh, III, M.D., Donald N. Tomasello, M.D., 


and Mark E. Josephson, M.D. 


ABSTRACT Two hundred twenty-three patients 
were randomly selected to receive propranolol, 10 
mg orally every 6 hours, or to serve as controls after 
coronary artery bypass grafting. The study began at 
the time of discharge from the intensive care unit. 
Patients were ineligible if they had cardiac ar- 
rhythmias while in the intensive care unit, low car- 
diac output requiring catecholamine support, or 
bradycardia requiring a pacemaker. In the control 
group, cardiac arrhythmias for which treatment was 
necessary developed in 31 of 136 patients (23%), 
atrial fibrillation or flutter in 24 patients (18%), and 
ventricular arrhythmias in 7 (5%). In the group re- 
ceiving propranolol, cardiac arrhythmias requiring 
treatment developed in 9 of 87 patients (10%), atrial 
fibrillation or flutter in 7 (8%), and ventricular ar- 
rhythmias in 2 (296). The difference in frequency 
with which cardiac arrhythmias occurred between 
the two groups is significantly different (p « 0.05). 

We conclude that propranolol is effective in the 
prevention of cardiac arrhythmias following coro- 
nary artery bypass grafting. 


Propranolol is a beta-adrenergic blocking agent 
used in the treatment of a number of clinical 
disorders including cardiac arrhythmias, an- 
gina pectoris, hypertrophic subaortic stenosis, 
and hypoxic spells of tetralogy of Fallot. There 
are no controlled clinical studies comparing the 
efficacy of propranolol with other agents in the 
treatment of cardiac arrhythmias. However, 
propranolol has been useful in the management 
of supraventricular arrhythmias and, to a lesser 
degree, ventricular arrhythmias in patients 
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with a variety of disorders [11]. Propranolol 
slows the ventricular response in patients with 
supraventricular tachyarrhythmias. This effect 
is due to its beta blocking effects, which pro- 
long atrioventricular nodal conduction and re- 
fractoriness [11]. 

The purpose of this study was to determine 
the effectiveness of propranolol in the preven- 
tion of postoperative arrhythmias in patients 
following coronary artery bypass grafting. 


Material and Methods 

All patients undergoing coronary artery bypass 
grafting without additional cardiac surgical 
procedures were eligible for the study. They 
were excluded if they had cardiac arrhythmias 
during the immediate (18 hours) postoperative 
period, bradycardia requiring a pacemaker, or 
low cardiac output requiring catecholamine 
support. 

Patients in the study were randomly assigned 
to either the control group or the group receiv- 
ing propranolol at the time of transfer from the 
surgical intensive care unit to the ward, which 
was usually on the first postoperative day. 
Randomization was by birthdate. Those born 
on an even day received propranolol and those 
born on an odd day were in the control group. 
Propranolol was administered orally, 10 mg 
every 6 hours. The first dose was given at the 
time of transfer from the intensive care unit. 


Two patients were excluded from this group 


because the resident responsible for writing the 
transfer orders had prescribed a higher dose of 
propranolol than 10 mg every 6 hours. The drug 
was discontinued in 2 patients in whom 
bradycardia developed; they were excluded 
from the study. None of these 4 patients had 
postoperative cardiac arrhythmias. Other pa- 
tients were excluded from the propranolol 
group, even though they had been randomly 
assigned to it by one of us, because the resident 
writing the transfer orders had neglected to 
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Table 1. Drugs Administered Preoperatively 


Control Propranolol 

(N = 136) (N = 87) 
Drug No. Percent No. Percent 
Propranolol 86 63 63 72 
Isordil 44 32 30 35 
Digoxin 15 11 10 12 
Quinidine 2 2 2 2 
Procainamide 3 2 4 4 





prescribe the drug. The charts of those patients 
were reviewed, however, and the postoperative 
cardiac arrhythmia rates were similar to those 
of the control group. 

A total of 223 patients was studied. There 
were 87 patients in the propranolol group and 
136 in the control group. In the propranolol 
group 93% were men and in the control group, 
90%. The mean age was 54 years for those who 
received propranolol and 56 years for the con- 
trols. The mean number of vessels bypassed 
was 2.4 for the propranolol group and 2.7 for 
the controls. The incidence of perioperative in- 
farction by standard electrocardiographic crite- 
ria was 4% in each group. 

The drugs that each patient received preoper- 
atively are shown in Table 1. Drugs discon- 
tinued four or more days before operation are 
not listed. Therefore, the percent of patients re- 
ceiving propranolol in each group is somewhat 
less than might be expected because pro- 
pranolol had been discontinued at the time of 
hospitalization in some of the patients with 
chronic stable angina. A similar percentage of 
patients in each group had received Isordil 
(isosorbide dinitrate) preoperatively. Like- 


wise, digoxin had been used to treat conges- 


tive heart failure in 11 to 12% of the patients 
in each group. A few patients in both groups 
had received quinidine or procainamide pre- 
operatively for ventricular arrhythmias. 
During the study period the method of myo- 
cardial preservation used was moderate 
hypothermia with intermittent periods of aortic 
cross-clamping while each distal coronary 
anastomosis was performed. For the purpose of 
this study, the mortality was zero since patients 
were not randomly assigned to one of the 


Table 2. Postoperative Day on Which Cardiac 
Arrhythmia First Occurred 


Postoperative Day 


15 2 3 4 5 6 7 


Arrhythmia 
Control group 
Atrial 4 9. 5- 2.1 1 2 
Ventricular 0 I. 2 2 1 D od 
Propranolol group 
Atrial 2 2 1 0 2 0 0 
Ventricular 0 2.0 Q 0- 0 Q 


groups until the time of transfer from the in- 
tensive care unit. Our mortality for coronary 
bypass operation was approximately 1.7% dur- 
ing the time of study. 


Results J 

The total incidence of cardiac arrhythmias was 
2396 for the control group. There was an 1896 
incidence (24 patients) of atrial fibrillation or 
flutter and a 596 incidence (7 patients) of ven- 
tricular arrhythmias for which pharmacological 
intervention was judged necessary. In contrast, 
the total incidence of cardiac arrhythmias was 
1096 in the propranolol group: 896 had atrial 
fibrillation or flutter and 296, ventricular ar- 
rhythmias in which pharmacological treatment 
was used. The difference in frequency with 
which cardiac arrhythmias occurred between 
the control group and the group receiving pro- 
pranolol is significantly different by the chi- 
square test (p « 0.05). 

Most arrhythmias occurred during the first 
few days after operation (Table 2). Arrhythmias 
occurring in the first 18 hours after operation 
are not charted in that table since these patients 
were excluded from the study. They were in- 
eligible because oral medications are not ad- 
ministered during that 18-hour period, and in 
this study orally administered propranolol was 
under investigation. 


Comment 

The fact that patients are prone to have cardiac 
arrhythmias during hospital convalescence 
after open-heart operation is well documented. 
The incidence of arrhythmias generally ranges 
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from 25 to 4096 [6, 9, 10, 12-14], although an 
incidence of 7496 has been reported in patients 
having cardiac valve replacement [10, 12]. 
Digitalis has been advocated for the preven- 
tion of postoperative arrhythmias. In one re- 
port, 120 patients who had undergone coronary 
artery bypass grafting were studied [6]. They 
were randomly selected to serve as controls or 
to undergo preoperative digitalization. There 
was a 25% incidence of supraventricular ar- 
rhythmias in the control group and a 6% inci- 
dence in the group receiving digitalis. The in- 
cidence of ventricular arrhythmias, however, 
was similar in both groups. In another ran- 
domized study, patients were digitalized with 
ouabain immediately after coronary bypass 
grafting or served as controls [9]. Nine of the 18 
patients in the control group experienced 
supraventricular arrhythmias while none of 
the 15 patients who had received ouabain did. 
In 1979, Tyras and co-workers [15] reported a 
study in which 140 patients having coronary 
bypass operation were randomly assigned to a 
control group or a group having prophylactic 
digitalization. The incidence of postoperative 
arrhythmias was actually higher (27.896 versus 
11.496) in the group receiving digitalis before 
and after operation. Furthermore, these re- 
searchers noted a striking reduction in post- 
operative arrhythmias in patients in whom 
propranolol therapy (40 to 80 mg daily) was re- 
sumed one to two days following operation. 
We chose to study the effects of propranolol 
for arrhvthmia prophylaxis instead of digitalis 
for three reasons. First, digitalis has not been 
demonstrated to be effective in preventing 
ventricular arrhythmias. Second, there are a 
number of reports in the literature that demon- 
strate a small but definite increased incidence 
of digitalis toxicity immediately following car- 
diopulmonary bypass in patients who have re- 
ceived digitalis up to the time of operation [1, 7, 
8, 10]. It is thought that while patients are on 
cardiopulmonary bypass, digitalis is leached 
from their tissue, and, although the total body 
store of digitalis may be decreased, the serum 
levels of the drug can become high. In addition, 
there are several factors tending to diminish 
digitalis requirements or increase the possibil- 
ity of toxic reactions to the drug postopera- 


tively. These factors include hypocalcemia, 
hypomagnesemia, and a reduced creatinine 
clearance [10]. Third, the heightened sym- 
pathetic tone in the perioperative patient tends 
to counterbalance the vagomimetic properties 
of digitalis, which are responsible for control- 
ling the ventricular response in atrial tachyar- 
rhythmias. In this setting, propranolol would 
be expected to be more effective. 

Several groups have demonstrated the ef- 
ficacy of propranolol for the prevention of 
supraventricular arrhythmias under nonsurgi- 
cal conditions. With propranolol, Gettes and 
Surawicz [2] were able to prevent the recurrence 
of attacks of paroxysmal atrial tachycardia com- 
pletely in 4 patients over a follow-up ranging 
from several months to several years. Previ- 
ously, all 4 patients had been incapacitated by 
frequent episodes of paroxysmal atrial tachy- 
cardia, which were poorly controlled by other 
agents including digitalis and quinidine. Gian- 
nelly and associates [3] found propranolol ef- 
fective in preventing recurrent attacks of 
paroxysmal atrial tachycardia in 8 patients, in- 
cluding patients with Wolff-Parkinson-White 
syndrome. Harris [4] used propranolol for the 
prevention of cardiac arrhythmias in 20 patients 
with histories of recurrent episodes of cardiac 
tachyarrhythmias. All patients in his study 
were followed for at least one year after being 
placed on propranolol. There were 4 patients 
with Wolff-Parkinson-White syndrome who 
had frequent attacks of supraventricular tachy- 
cardia, 5 patients who had frequent episodes of 
paroxysmal atrial tachycardia, 1 patient with 
episodes of paroxysmal ventricular tachycardia, 
5 patients with permanent pacemakers and fre- 
quent episodes of ventricular arrhythmias, and 
5 patients with hypertrophic myocardiopathies 
and frequent arrhythmias. Of these 20 patients, 
16 became symptom-free and the other 4 had 
considerable relief from the attacks of tachyar- 
rhythmias. Walters and co-workers [16] found 
propranolol effective in treating 5 children with 
chronic supraventricular tachycardia. In each 
patient, the heart rate was slowed to a greater 
degree with propranolol than with digitalis. 

A factor common to all these studies is that 
relatively low doses of propranolol were used. 
Gettes and Surawicz [2] administered 10 mg to3 
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patients four times a day and to 1 patient, 40 mg 
three times a day. In the study of Giannelly and 
associates [3], up to 90 mg per day was used and 
in Harris's study [4], an average dose of 10 mg 
three times a day. 

As a result of these data, we chose to study 
the effect of a low dose of propranolol for the 
prevention of cardiac arrhythmias. Ten milli- 
grams of propranolol every 6 hours was used in 
hopes of avoiding unnecessary bradycardia and 
impairment of ventricular function that could 
occur with higher doses. The drug was ad- 
ministered orally to take advantage of the so- 
called first pass effect of hepatic metabolism. 
This prevents an acute high level of plasma 
propranolol and decreases the likelihood of 
toxicity. Furthermore, propranolol when given 
. orally has a longer half-life (4 to 6 hours) than 
intravenously administered propranolol (2 
hours) [5] and is converted to 4-hydroxy- 
propranolol, a more potent beta blocker than 
propranolol itself. 

We conclude that propranolol is an erative 
agent in the prevention of postoperative cardiac 
arrhythmias in patients following coronary ar- 
tery bypass grafting. 
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The Use of Blood and Blood Components 
in 1,769 Patients Undergoing Open-Heart Surgery 


William L. Bayer, M.D., William M. Coenen, B.S.B.A., 
David C. Jenkins, M.D., and Marjorie L. Zucker, M.D. 


ABSTRACT - There has been a decrease in the use of 
whole blood and red cell transfusions during and 
after open-heart operations in the greater Kansas 
City area from an average of slightly more than 9 
units per patient from 1969 through 1971, to just over 
3 units per patient from 1975 through 1977. In 1977, 
1,256 patients, or 71% of 1,769 patients, underwent 
coronary artery bypass exclusively and had an aver- 
age transfusion utilization of 2.6. units. All other 
open-heart operations averaged 4.7 units per patient. 

Hemodilution and the acceptance of hematocrits 
between 25 and 3096 in open-heart operations are 
probably the main factors responsible for lower 
transfusion use per patient, while the increased pro- 
portion of patients undergoing coronary artery 
bypass accounts for a further decrease in the average 
amount of blood used per patient. It is of note that 
blood transfused to patients having an open-heart 
operation was not significantly fresher than blood 


for routine use, yet hemostasis was not a problem as 


evidenced by the small use of fresh-frozen plasma in 
67 patients (3.8%) and platelet concentrates in 42 pa- 
tients (2.4%). 


The marked increase in coronary bypass opera- 
tions in recent years has imposed a great de- 
mand on blood resources for patients un- 
dergoing open-heart procedures [10]. Much 
attention has been focused on methods to re- 
duce blood requirements for these patients. 
Hemodilution, using a bloodless prime for the 
oxygenator, is now widely employed and has 
been shown to effectively reduce blood usage 
[3, 13]. Autologous transfusion [4, 6, 8], the use 
of smaller-volume oxygenators requiring less 
priming solution, and acceptance of lower 
postoperative hematocrits [12] are other effec- 
tive measures that have been taken. The success 
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of these measures is borne out by the low usage 
of blood reported by some units [11, 12] and the 
successful practice of open-heart operations 
without blood transfusion in many instances [7, 
9, 11]. | 

In this study we analyze the current use of 
whole blood, red cells, fresh-frozen plasma 
(FFP), and platelet concentrates for open-heart 
operations in the greater Kansas City area. 


Material and Methods 

During 1977, 1,769 patients underwent open- 
heart operation in seven hospitals in the greater 
Kansas City area. The use of whole blood, red 
cells, FFP, and platelets in these patients was 
analyzed and compared with whole blood and 
red cell transfusion for similar operations in the 
same area from 1969 to 1976. The age of the 
whole blood and red cell units transfused 
for open-heart operations during 1977 was de- 
termined. 

For the purpose of the study, the patients 
were divided into two groups: those having 
coronary bypass operation alone and those 
having other heart operations. Many of the 
patients in the second group had coronary 
bypass procedures as well. 

A more detailed analysis of the different 
types of operation performed was made in a 
smaller group of 126 patients undergoing 
open-heart operation at one representative 
hospital from September, 1976, to August, 1977. 
The breakdown was as follows: aortocoronary 
bypass, 96 patients; congenital heart disease, 
3; valve replacement, 9; ventricular aneurys- 
mectomy and aortocoronary bypass, 9; valve 
replacement and aortocoronary bypass, 5; valve 
replacement, aortocoronary bypass, and ven- 
tricular aneurysmectomy, 2; and ventricular an- 
eurysm only, 2. 

One of the seven hospitals involved in the 
study is a children's hospital. Operations are 
for congenital and valvular heart disease only. 
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Results 

Whole Blood and Red Cell Transfusions for 
Coronary Bypass and Other Open-Heart 
Operations in 1977 

The 1,769 patients undergoing open-heart op- 
eration used a total of 5,709 units of whole 
blood and red cells. An analysis of blood usage 
in these patients is shown in Figure 1 and Table 
1. Although the patients undergoing coronary 
bypass operation comprised 7196 of the total, 
they received only 5896 of the total transfused 
units. An average of 2.6 units per patient was 
used in this group compared with 4.7 units per 


m | 
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Fig 1. Relationship of blood transfusion to the type of 
open-heart operation performed. 


patient in the other group. The average amount 
of blood used by all patients was 3.2 units per- 
patient. 

The data were analyzed according to the size 
of the hospital (expressed as number of beds) in 
which the operations were performed. Table 1 
shows that the average blood use in one hospi- 
tal was as low as 1.8 units per patient for all 
open-heart operations and 1.6 units per patient 
for the coronary bypass procedures. The use of 
blood for congenital and valvular heart disease 
in children was similar to that of the whole 
group. 

It is noteworthy that the smaller hospitals 
demonstrated the same economy in the use of 
blood as the larger hospitals. This is further 
borne out by Figure 2 which shows that the 
percentage of all blood used for open-heart op- 
erations by each hospital appeared to correlate 
fairly well with the percentage of all the open- 
heart operations performed in that hospital. 
There was certainly no tendency in hospitals in 
which fewer open-heart operations were done 
to use more blood. 

Operative room blood replacement was 
analyzed at the representative hospital at which 
126 patients underwent open-heart operation 
between September, 1976, and August, 1977. 
Of these patients, 85 (67.5%) received no blood 
replacement during operation. The average 
operative room blood replacement for all pa- 


Table 1. Whole Blood and Red Cell Transfusions in Patients Undergoing 
Open-Heart Operation in 7 Hospitals in Kansas City in 1977 


. Total Avg. No. 
Total Coronary Units per 
Hospital Coronary Total OHO Artery Units per Coronary 
by No. Total OHO Artery Transfused Transfused OHO Artery 
of Beds Patients Patients Units Units Patient Patient 
665 899 673 2,882 1,690 9:2 2.5 
521 134 109 418 234 3.1 2.1 
468 124 .— 51 567 197 4.6 3.9 
383 182 143 475 340 2.6 2.4 
325 131 112 234 177 1.8 1.6 
293 202 171 858 674 4.2 3.9 
167° 97 0 275 0 2.8 225 
Total 1,769 1,259 5,709 3,312 3.2 2.6 





aA children’s hospital with operations for congenital and valvular heart disease only. 


OHO = open-heart operation. 
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Fig 2. Relationship of blood transfusion to the number 
of open-heart procedures performed by each hospital. In 
both large and small hospitals the amount of blood used 
in cardiac operations is approximately the same. 
(O.H.S. = open-heart surgery.) 


Table 2. Age of Whole Blood and Red Cell Units 
Transfused in Patients Having Open-Heart 
Operation Compared with Age of Blood 
Transfused in All Patients 





Age (d 

Units | Aged —  — 
Measured 0-2 3-5 6-8 9-10 >10 
Percent of units 13 36 29 3 19 


transfused in 
patients in 1976 


Percent of units 9 37 35 4 15 
transfused in 
patients in 1977 


Percent of all units 7 20 24 9 40 
transfused in 6 
hospitals during 1 
mo 


tients was 400 ml per patient, while that for the 
coronary bypass patients was 200 ml per pa- 
tient. 


Age of the Whole Blood and Red Cells 

Table 2 shows the age of the whole blood and 
red cell units transfused in all patients having 
open-heart operations in 1977 compared with 
the age of blood used routinely, as reflected by 
blood used in six representative hospitals dur- 
ing one month. The age of blood used for 
open-heart procedures in 1976 is included. It 
can be seen that most of the blood used for the 
patients having open-heart operation fell into 


[lll PERCENTAGE OF ALL WHOLE BLOOD AND RED CELL UNITS TRANSFUSED 
IN O.H.S. CASES USED BY EACH HOSPITAL. 


the 3- to 8-day category, rather than the 0- to 2- 
day category. The age distribution of the units 
transfused in the patients undergoing open- 
heart operation was similar to that of blood 
used routinely. 


Whole Blood and Red Cell Transfusions 

for Patients Having Open-Heart Operation 

from 1969 Through 1977 | 

Figure 3 shows that the average number of 
whole blood and red cell transfusions for all pa- 
tients having open-heart operation decreased 
steadily from 9.3 units per patient in 1971 to 3.2 
units per patient in 1977. The changing pattern 
of blood used for open-heart operations relative 
to the number of these operations performed 
and the total number of transfusions is shown 
in Figure 4. 

Between 1970 and 1973, there was a steep rise 
in the total number of open-heart operations 
performed, producing an increase in the total 
number of units of blood used for such opera- 
tions and this figure as a percentage of all 
transfusions. Between 1973 and 1975, the latter 
two variables dropped as a result of the de- 
crease in the number of units of blood used for 
each patient undergoing open-heart operation 
and despite the rise in the number of opera- 
tions performed. Concomitantly, the region 
covered by the total blood transfusion service 
for the Community Blood Center has expanded, 
growing from a service to fifty-three hospitals 
with a total transfusion of 38,211 units in 1972, 
to one totally supplying sixty-seven hospitals 
with a tótal transfusion of 66,570 units in 1977. 
From 1975 through 1977, the total number of 
units used for open-heart operations and the 
total number of units for open-heart operations 
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Fig 3. Decline in the use of blood for open-heart opera- 
tons from 1971 through 1977. The average number of 


units per patient having coronary and noncoronary op- 
erations in 1977 is shown. 
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Fig 4. Increase in the number of open-heart opera- 
tions and the decline in the number of units of blood 
per patient from 1971 through 1977. Also shown is the 
amount of blood used per year for open-heart opera- 
tions; this has declined markedly since 1973. The figure 
inset in the stacks is the percentage of the total amount 
of blood used in heart operations. 
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as a percentage of all transfusions have risen 
again, but this is due to the continuing increase 
in the number of open-heart operations per- 
formed without a comparable increase in the 
total number of units transfused to all patients 
in the greater Kansas City area. The number of 
units used per patient having open-heart oper- 
ation has remained at a relatively constant low 
level during this period. 


Fresh-Frozen Plasma and Platelet Transfusions 
for Open-Heart Operations in 1977 

A small proportion of all patients having open- 
heart operation received either FFP or platelets 
(Table 3). In particular, the group undergoing 
coronary bypass only had a very small require- 
ment for these components. 
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Table 3. Fresh-Frozen Plasma and Platelet Transfusions in 1,769 Patients 
Undergoing Open-Heart Operation in Kansas City in 1977 








Coronary Other 
Artery Open-Heart All 
Variable Operations Operations Patients 
No. of patients receiving FFP 24; 46 67 
Percentage of patients receiving FFP T 9.0 3.8 
Total no. of FFP units 51 122 173 
No. of patients receiving platelets 15 27 42 
Percentage of patients receiving platelets 12 5.3 2.4 
Total no. of platelet units 145 252 397 


FFP = fresh-irozen plasma. 


Patient Morbidity and Mortality 

The mortality for patients undergoing open- 
heart operations in the seven hospitals is 2% 
and is approximately 1% for coronary artery 
operations [1].* No clinical cases of hepatitis 
have been reported in the past five years. Post- 
operative hospitalization is approximately 10 
days. 


Comment 

There has been a decrease in the use of whole 
blood and red cell transfusions during and after 
open-heart operations between 1971 and 1977. 
This is partly due to an increase in the propor- 
tion of patients having coronary bypass, which 
showed a lower mean transfusion requirement 


than patients undergoing other open-heart pro- - 


cedures. It also is due to an absolute decrease in 


transfusion requirements for operations other 


than coronary bypass. In 1969, prior to pop- 
ularization of coronary bypass operations, an 
average of 9.0 units of whole blood and red 
cells were used per patient for open-heart oper- 
ation in the greater Kansas City area. This fig- 
ure represents open-heart operations other than 
coronary bypass procedures and can be com- 
pared directly with the average amount of 
blood used for this group in 1977, which was 
4.7 units per patient. 

Our mean figure of 3.2 units per patient un- 
dergoing open-heart operation is similar to that 
in other reported series. One group reported an 


*Mid-America Health Systems Agency: Personal communi- 
cation, 1977. 


average use of 2.66 units of blood per patient in 
a much smaller series of 142 patients [12]. Their 
mean of 2.52 units per patient having coronary 
bypass is very similar to our figure of 2.6 units 
per patient. 

The widespread and increased application of 
the hemodilution technique and the acceptance 
of lower hematocrits postoperatively are prob- 
ably the main factors accounting for the de- 
crease in transfusion requirements of patients 
undergoing open-heart operation in the greater 
Kansas City area. Nonblood priming solutions 
have been shown to reduce transfusion require- 
ments effectively with no deleterious circulatory 
or biochemical effects [13]. Both electrolyte- 
protein and pure electrolyte priming solutions 
have been shown to be acceptable [5]. 

The relatively small number of patients re- 
quiring FFP or platelet transfusions suggests 
that hemostatic defects were not an important 
problem, despite the use of blood that was not 
significantly fresher than blood for routine use. 
It is also apparent that widespread use of the 
hemodilution technique did not produce a sig- 
nificant bleeding problem. This is not surpris- 
ing in view of the fact that massive plasma ` 
exchange with colloid and crystalloid replace- 
ment, devoid of coagulation factors, has been 
shown to produce no marked risk of hemor- 
rhage, provided that adequate tissue perfusion 
is maintained [2]. One study, in fact, showed 
evidence that nonblood prime in cardiopulmo- 
nary bypass contributed to less postoperative 
hemorrhage than blood prime, due to less de- 
pression of the platelet count [13]. 
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The diminished use of blood and blood 
products for open-heart operations in the 
greater Kansas City area in the last decade has 
not been detrimental to patient care. Conserva- 
tion of available blood resources has clearly not 
hindered the growth of heart surgery in our re- 
gion. Moreover, this growth has not imposed 
an undue burden on the overall voluntary blood 
collection system. Advantages to the patients 
have been equally obvious, ranging from low- 
ered cost for transfusion to lessened risk of 
hepatitis. 
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Improved Anesthesia for Deep Surface-Induced 
Hypothermia: The Halothane-Diethyl Ether Azeotrope 


Murray P. Sands, David H. Dillard, M.D., Eugene A. Hessel II, M.D., 


and Donald W. Miller, Jr., M.D. 


ABSTRACT The halothane-diethyl ether azeotrope 
was evaluated in dogs as the anesthetic agent for 
deep surface hypothermia with total circulatory ar- 
rest for open-heart operation. All 10 animals given 
azeotrope in 100% oxygen (O;) experienced atrial ar- 
rhythmias during cooling, and 1 had ventricular fi- 
brillation prior to the completion of cooling at 18° to 
20°C. After only 30 minutes’ arrest, 8 of the 10 dogs 
had postoperative motor disturbances. Administer- 
ing the azeotrope in 9596 O; and 596 carbon dioxide 
(CO,) yielded markedly improved results charac- 
terized by a rapid, smooth cooling course, easy re- 
suscitation following circulatory arrest, and rapid 
rewarming, and 3 out of 10 dogs experienced mild 
motor disturbance after 60 minutes of circulatory ar- 
rest. 

This method, when compared with our standard 
method of ether in 100% O,, resulted in reduced 
blood lactates and a striking improvement in clinical 
status on the first postoperative morning. In limited 
clinical trials, infants undergoing repair of congeni- 
tal cardiac defects have done well and responded as 
expected based on the laboratory experience. Since 
the results with the azeotrope in 9596 O, and 596 CO, 
were at least as good as, and in several instances 
better than, those with the standard method em- 
ploying ether, the nonexplosive characteristic of the 
azeotrope warrants continued evaluation of this 
agent. 


oince August, 1965, a method of suríace- 
induced deep hypothermia developed at this 
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institution has been used in more than 150 in- 
fants undergoing total repair of a variety of 
congenital cardiac defects [4—6, 15, 17, 22, 25]. 
This clinical experience and extensive labora- 
tory testing [10, 14, 18-20, 23] demonstrated 
that ether administered in 10096 oxygen (O;) 
was the superior anesthetic over other tested 
agents for pure surface hypothermia. Ether, 
however, is explosive, and this prevents the 
use of the electrocautery and the heart-lung 
machine. This primary disadvantage of ether 
led us to study extensively and evaluate other 
agents including halothane [10, 14, 19], Forane 
(isoflurane) [20], and fluroxene.* All of these 
agents yielded poorer results than ether. 

This report presents the results of early labo- 
ratory and clinical trials utilizing the azeotropic 
compound of halothane and diethyl ether as the 
anesthetic for deep surface hypothermia. The 
azeotropic mixture of halothane and diethyl 
ether has been described by others [1, 3, 7] and 
used extensively clinically [24, 26], but not for 
deep surface hypothermia. An azeotropic mix- 
ture is one in which certain proportions of two 
liquids combine to form a solution that behaves 
physically like a pure compound. Thus, a 0.65 
mole fraction of halothane combined with a 
0.35 mole fraction of diethyl ether yields a com- 
pound with its own specific gravity, boiling 
point, and vapor pressure (Table 1). Further- 
more, vaporization or ordinary distillation will 
not break down the compound or alter the pro- 
portion of its components. The halothane- 
diethyl ether azeotrope is nonexplosive in an- 
esthetic concentrations, and we hypothesized 
that it might combine some of the favorable 
features of both ether and halothane. From our 
previous investigations [12, 15] we are aware 
that ether is most effective when used in 10096 
O» and that halothane performs best with 95% 


*Sands MP, Dillard DH, Hessel EA II, et al: Unpublished 
data, 1979. 


124 The Annals of Thoracic Surgery Vol 29 No 2 February 1980 


Table 1. Physical Characteristics of Halothane, 
Ether, ana Halothane-Ether Azeotrope 


Vapor 
Boiling Pressure 
Point at 24°C 
Specific at 760 and 740 
Gravity mm Hg mm Hg 
Anesthetic at 25°C (°C) (torr) 
Halothane 1.861 50.62 264 
Diethyl ether 0.715 34.20 442 
Azeotropic 1.487 52.25 246° 


mixture [7] 


“The vapor pressure at 24°C reported by Boivin and co- 
workers [1] is about 213 mm Hg, which is 33 mm Hg lower 
than that later reported by Criscuolo and Wilson [3], appar- 
ently the result of a typographical error in the paper by 
Boivin and colleagues. 


O; and 596 carbon dioxide (CO,) [14, 18, 19]. 
Therefore, in this study the azeotrope was 
tested both with and without CO,. 


Material and Methods 

Twenty-five adult mongrel dogs were randomly 
assigned to three groups that were studied con- 
currently. Group I (control) animals (5 dogs) 
were subjected to our extensively studied tech- 
nique of deep surface hypothermia [12, 13, 15], 
which employs ether anesthesia in 100% O» 
and a 60-minute period of circulatory arrest at 
18° to 20°C rectal temperature. Group II animals 
(10 dogs) were cooled to 18° to 20°C with the 
halothane-diethyl ether azeotrope in 10096 O; 
and were arrested for 30 minutes. Group III (10 
dogs) were cooled to 18° to 20°C with the azeo- 
trope in 95% O; and 5% CO; and were arrested 
for 60 minutes. 


Hypothermia Technique 

The details of our surface-induced hypothermia 
method are standardized and have been re- 
ported previously: [12, 13, 15]. Briefly, it in- 
cludes the use of deep ether anesthesia in 10096 
O., the maintenance of normothermic minute 
ventilation throughout, so as to gradually in- 
duce a respiratory alkalosis (pH = 7.6 to 7.8) by 
the completion of cooling, and the administra- 
tion of 10% low molecular weight dextran (1 gm 
per kilogram of body weight) between 35° and 
25°C during cooling. Ether is given through a 
rebreathing circuit including soda-lime canis- 
ters. Cooling is by ice-water immersion, and 


rewarming is accomplished by floating the 
subject on a plastic sheet over 40°C water. Cir- 
culatory arrest is achieved under aseptic condi- 
tions by inflow and outflow occlusion through a 
right fourth intercostal space thoracotomy. 
Cardioplegia is induced by injecting 30 ml of 
Young's solution* into the aortic root proximal 
to the aortic cross-clamp. The animals are re- 
suscitated by manual massage and the intrave- 
nous administration of 300 mg of calcium chlo- 
ride to reverse the etfects of Young’s solution. 
Cardioversion, when necessary, is accom- 
plished with 50 volt alternating current elec- 
troshock. 

In this study, Groups II and III receiving 
azeotrope were managed by the same protocol 
except that the azeotrope was administered 
from a Fluotec Mark III vaporizer at flow rates of 
8 to 10 liters per minute in an open (non- 
rebreathing) circuit. 


Sampling and Monitoring 

After the animals were anesthetized, all sam- 
pling and monitoring were done through 
polyethylene catheters inserted into the ab- 
dominal aorta and inferior vena cava through 
the femoral vessels. Arterial and central venous 
pressures and the electrocardiogram were 
monitored and recorded with a physiological 
recording system (Hewlett-Packard model 
7788A) equipped with appropriate amplifiers. 
Arterial samples were drawn periodically for 
blood gas, hematocrit and lactate determina- 
tions. The pH, partial pressure of carbon 
dioxide (Pco,) and partial pressure of oxygen 
were determined with a blood gas analyzer 
(model 113, Instrumentation Laboratories Inc.) 
at 37°C. Temperature correction to the animal's 
rectal temperature at the time of sampling and 
acid-base calculations were done with standard 
Severinghaus nomograms. Lactate determina- 
tions were done by our clinical laboratories 
using methods described elsewhere [9, 11, 16]. 
Rectal and esophageal temperatures were mon- 
itored with telethermometer probes (Yellow 
Springs Instrument Company). 


*This solution consists of the following: 0.81 gm of potas- 
sium citrate; 2.46 gm of magnesium sulfate; 0.001 gm of 
neostigmine methylsulfate; water in sufficient quantity to 
make 100 ml of solution; and pH adjusted to 7.4 with 
sodium bicarbonate. 


T. 
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Data were tabulated and computer-processed 
to provide the mean values + 1 standard de- 
viation for each category. Statistical signifi- 
cance was evaluated with the two-tailed Stu- 
dent's ¢ test. 


Azeotrope Preparation 

The agent is formed by combining halothane, 
68.3 vol per 100 ml, and diethyl ether, 31.7 vol 
per 100 ml. In the liquid phase, this is most 
easily accomplished by using a graduate to 
measure into a separate container 68.3 ml of 
halothane and 31.7 ml of diethyl ether (because 
the combined volume is slightly less than the 
sum of the individual volumes). The mixture 
warms slightly as the azeotrope is formed. The 
container can be agitated gently to hasten the 
mixing of the azeotrope, which is immediately 
used to charge a Fluotec or copper kettle-type 
vaporizer. Although the mixture has been 
shown to be stable over a period of many 
months [1], fresh azeotrope was prepared for 
each procedure during this study. 


Results 

All dogs survived and were followed for a 
minimum of three weeks. Table 2 summarizes 
the operative and postoperative course in the 
three groups. 


Hypothermia 

The cooling procedure in ether-anesthetized 
dogs of Group Í was uneventful and consistent 
with our previously reported experience. In 
Group II (azeotrope in 100% O;), Fluotec 
settings of 2.0 to 2.596 provided adequate 
anesthesia to abolish shivering at the onset of 
cooling. As cooling progressed, anesthetic con- 
centrations were gradually reduced to 0.2596 by 
20°C. All of these animals had bizarre, fre- 
quently low voltage and irregular P waves sug- 
gestive of a wandering atrial pacemaker at some 
time during cooling, and 1 dog fibrillated at 
21.4°C prior to elective arrest. Animals in 
Group III (azeotrope in 95% O, and 5% CO) 
required less anesthetic with initial settings of 
1.5 to 2.096, which were gradually reduced to 
0.1% by 20°C. No arrhythmias were encoun- 
tered that could not be controlled by adjusting 
the anesthetic, although when anesthesia was 
experimentally lightened, a rapid junctional 


rhythm followed by a ventricular tachyar- 
rhythmia developed between 32° and 28°C 
during cooling. One dog was given twice the 
usual anesthetic concentration at 20°C and had 
atrial arrest, a junctional bradycardia of 6 beats 
per minute, and ventricular fibrillation. Shiv- 
ering was not observed, but 3 dogs in Group HI 
displayed respiratory movements controlled | 
with 1 mg of pancuronium bromide; no dif- 
ferences were noted in the variables measured 
as a result of the pancuronium bromide. 

Following arrest, resuscitation with manual 
massage was easily accomplished in all groups. 
Consistent with past experience, all dogs in 
Group I, arrested for 60 minutes, required one 
or two 50 ug doses of epinephrine to support 
mean arterial pressure immediately following 
resuscitation. None of the animals given an 
azeotrope required epinephrine except 2 in 
Group III. In those 2, cardiac function was tem- 
porarily compromised due to technical errors. 

Dogs in Group I cooled at a rate of 17.2 + 3.0 
secikg/°C, which was significantly faster (p < 
0.05) than the 21.0 + 2.9 sec/kg/°C measured in 
Group II. Group III dogs cooled more quickly 
(12.6 + 3.0 seclkgPC) than either Group I or 
Group II dogs (p « 0.02 and p « 0.001, respec- 
tively). The total rewarming time was similar 
(36.8 + 5.5 secikg/°C and 35.8 + 4.8 sec/kg/°C) in 
Groups I and III but significantly prolonged (p 
< 0.01) in Group II at 46.7 + 3.7 sec/kg/°C. Since 
hemodynamics improve with rewarming, the 
initial speed of rewarming determines how 
rapidly cardiac function can be stabilized fol- 
lowing resuscitation; accordingly, the time re- 
quired for the first 5°C of rewarming was mea- 
sured. Group I dogs required 36.2 + 6.1 sec/ 
kg/C; Group II dogs, 41.3 + 5.6 seclkgP"C; and 
Group III dogs, 28.0 + 5.5 sec/kg/°C. Thus the 
first 5°C of rewarming was significantly shorter 
in Group III than in Group I or Group II (p < 
0.05 and p « 0.001, respectively). 


Hemodynamic Changes 

Mean arterial pressure and heart rate declined 
with temperature and increased with rewarm- 
ing in all groups. As noted in Table 3, the mean 
arterial pressure during cooling in animals in 
Group III was significantly less than in Group I 
dogs. Pulse pressures were significantly re- 
duced in Group II when compared with Group I 
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Table 2. Details of Technique, Operative Course, and Results 


——M— M MÀ— €— UUO 


No. of Body Anesthetic Respiratory Cooling Time 
Group Dogs Weight (kg) Agent Gases (sec/kg/"C)? 
I 5 18.2 + 1.39 Ether 100% O; 17 + 3.0 
H 10 1041.23 Azeotrope 100% O, 21 20" 
III 10 175 3E: 1.97 Azeotrope 95% O; and 13 $3.0" 
596 CO, 





*Cooling and rewarming times include + 1 standard deviation. 
‘Indicates significant difference (p < 0.05) compared with Group I. - 
"Indicates significant difference (p « 0.05) compared with Group II. 


AV = atrioventricular. 


at control (control values refer to those obtained 
immediately prior to cooling), 30° and 25°C 
during cooling, and 25° and 35°C during re- 
warming. All animals given an azeotrope had 
heart rates significantly below those of the ether 
group at control and during the early cooling 
period, but the results were more variable 
thereafter. Data for dogs anesthetized with 
ether in 100% O, and for those anesthetized 
with azeotrope in 95% O, and 5% CO, are dis- 
played graphically in the Figure. 


Blood Gas and Acid-Base Analysis 

The blood gas and pH data shown in Table 3 are 
consistent with the ventilation regimen for each 
group. As cooling progressed, minute volumes 
were mechanically maintained so that animals 
with an anesthetic in 100% O» developed in- 
creasing pH and decreasing Pco regardless of 
the anesthetic used. Animals in Group III had 
significantly lower pH and higher Pco2 than 
those in Group I until the completion of re- 
warming when the pH values were similar. 
Computed bicarbonate levels were consistently 
higher in animals with an azeotrope following 
the onset of cooling, and lactate levels were 
uniformly significantly lower in both groups 
with an azeotrope. f 


Postoperative Results | 
Ether-anesthetized animals remained lethargic 
on the first postoperative morning and would 


not eat or drink, while the azeotrope-anes- 
thetized animals appeared completely recov- 
ered in that all were active and had a good 
appetite. Neurological assessment by a blinded 
observer revealed that 2 of the 5 dogs in Group 
I, arrested for 60 minutes, had mild gait distur- 
bances (hypermetria or high-stepping gait); 
while in the azeotrope groups, 8 of the 10 dogs 
in Group II, arrested for 30 minutes, and 3 of 
the 10 dogs in Group HI, arrested for 60 min- 
utes, displayed hypermetria. 


Clinical Results 

Halothane-ether azeotrope in 95% O, and 5% 
CO, has been utilized as the anesthetic during 
open-heart operation under surface-induced 
hypothermia in 3 infants. They were 7, 9, and 
11 months old and underwent intraatrial ve- 
nous transposition repair of transposition of the 
great arteries, aortic valve commissurotomy 
and mitral annuloplasty, and correction of te- 
tralogy of Fallot, respectively. They weighed 6.7, 
9.1, and 6.7 kg, respectively, and were arrested 
for 31, 30, and 48 minutes at 19°, 20°, and 20°C, 
respectively. Resuscitation and rewarming pro- 
ceeded smoothly with this anesthetic agent, 
and all survived. 


Comment — 

We have evaluated various anesthetic regimens 
for surface-induced deep hypothermia: ether in 
100% O; and in 95% O; and 5% CO; [15, 18, 
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Circulatory Gait 
Arrest Rewarming Time Late Distur- 
(min) (sec/kg/^C)* Complications Survival bances 
BERNER csi NARI ND DER dito NCC SEC SEGOVIA a DNE ERA GMDENSE 
60 37 + 5.5. Infrequent ventricular tachyar- 5 2 
rhythmia if anesthesia too 
light 
30 46 37 Atrial arrhythmias (10 dogs); 10 8 
ventricular fibrillation (1 dog) 
60 36 + 4.8° Infrequent AV nodal or ventric- 10 3 
ular arrhythmias eliminated 
with anesthetic manipulation; 
ventricular fibrillation 
(1 dog) (anesthesia too deep) 
Table 3. Blood Gas and Acid-Base Analysis and Hemodynamic Data 
Rectal Temperature 
Variable Group Control 30°C 25°C 20°C 20°C 25°C 30°C 35°C 
pH I 7.42 + .06 7.48 + .06 7.57 Ł 07 7.69 + .04 7.53 t .05 7.48 + .07 7.40 x .07 7.28 + .09 
II 7.49 + 039" — 7.57 = 09° 7.63 + .13 7.66 X .18 7.51 + .23 7.49 + .17 7.44 + .14 7.42 + 09% 
II 7.28 Dao 7.33 4:07" 7.34 + .07^ 7.36 + .07* 7.24 + .06? 7.23 + .06* 7.26 + .05* 7.25 X (07 
Pco, I 34.5 + 2.8 25.9 + 3.6 16.9 + 1:6 11.2 ż 0.9 12.2 + 2.7 12.7 £1.6 17.4 + 2.7 28.5 + 7.7 
i 31.4 + 54 26.2 + 6.1 21.4 + 7.9 19.4 + 9.0 21.0 + 12.3 20.9 + 8.8 28.1 + 11.0 31.2 + 7.4 
III 54.9 +643 48.6 + 6.4? 40.3+45.5° 36.0 + 4.8? 31.8 + 7,B* 39.9 + 6.5" 47.7 + 7.5° 53.0 t 8,5* 
HCO, I 215 £22 179431 148430 132421 9.7 t 1.6 9.0 € 13 10.2 + 0.8 130 4 2:7 
II 22.8 + 4.1 22.8 X 3.4* 20.430" 19,3 32: 2:9* 13.8 + 2.23 14.3 + 2.4* 16.9 + 2.8* 19.2 + 2.8" 
il 24.9 + 4.4 24.1 + 4.2* 21,3 +473 19,7 + 3.48 13.4 + 2.98 16.6 + 2.28 20.3 + 2.3? 22.3 t 3.]* 
4 BE I -14 £27 -3442.7 -38443  Á-28t28 -9012 -11442.7  -114t18  -122t37 
I 13436 2743.28 12t27 05524  -70t33  -62*37  -46t39  -31r81 
HH -06t59 -17449  -—36t54 48442 -138434 110430 -6.7+28% ~5.3 £3.8? 
Lactate I 2.7 20.6 4.3 X 0.8 6.8 + 17 8.9 * 1.0 
II 1.8 + 0.72 2.2 1:24? 3.9 £ 0.77 3.1 + 1.48 
Tif 1.0 + 0.28 0.5 + 0.28 1,9 + 0.72 1.8 + 0.68 
Po, I 451 + 38 492 + 28 484 + 43 482 + 29 400 + 104 390 + 108 332 + 122 397 + 106 
0 489 + 22 569 t 50* 605 + 64° 556 + 81? 299 + 139 275 + 125 384 + 150 408 + 102 
In 479 + 69 513 + 39 514 + 71 514 + 39 450 + 53 434+ 40 457 X 63 430+ 71 
MAP I 117 & 4 114 +12 114 + 11 85 13 45+ 8 70 + 23 104 +11 107 + 19 
H 117+ 8 105 + 15 96 + 112 88 12 70 + 238 97 + 21 11147 105 + 17 
In 90 + 168 83 + 118 82 + 12° 62+ 7^ 55 + 13 91 + 24 108 + 11 122 + 15 
PP X 64 + 19 39 t 8 38 + 12 22+ 8 28 + 10 28 + 10 34 + 10 56 + 13 
I 42+ 7 27.58 22 i 48 21+ 6 24+ 6 vt 5 25 5 34+ 9 
IIT 44 +12 45 + 10 40+ 4° 32+ 5 29+ 5 i47 29+ 9 60 + 13 
CVP I 3.6413 5.4 € 1.0 ELEI 6.2 € 3.0 53424 5.5 + 2.6 44 * 2.5 43418 
II 4.44 t 12 259222 6.3 = 2.7 7A+1.8 4.5 t 33 4543.4 4,6 t 2.5 3.9 + 3.3 
10 27413 42422 5.9 + 2.2 6.241.9 6.3 + 5.0 27247" 13 41.78 2.74129 
HR I 188 + 9 107 + 8 (07 3-3 41-5 4lt 7 68 + 6 112 + 10 134 + 20 
II 116 + 27° 83 + 13° - 60+ 8 31+ 48 41+ 7 76 + 10 100 + 15 121 + 21 
I" 128 + 12* 87 + 15° . 68 9 38 + 8 59 = 1 76Ł 7 91 + 12° 121 + 13 





“Indicates significant difference (p < 0.05) comparéd with the baseline group, Group I. All values include + 1 standard deviation. 


Pco, = partial pressure of carbon dioxide; HCO, = bicarbonate radical; BE = base excess; Po, = partial pressure of oxygen; MAP = mean arterial 
pressure; PP = pulse pressure; CVP = central venous pressure; HR = heart rate. 
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A comparison of heart rate and mean arterial pressure 
between the dogs anesthetized with ether in 100% O, 
(solid circles) and those anesthetized with azeotrope in 
95% Os and 5% CO; (open circles). Bars indicate + 1 
standard deviation. 


19]; halothane in 10096 O, and in 95% O; and 
5% CO, both with [19] and without [10, 14, 19] 
perfusion rewarming; nitrous oxide in 100% O, 
[14]; Forane in 100% Oz, in 98% O, and 2% 
CO,, and in 95% O, and 5% CO, [20]; and 
fluroxene in 100% O,.* We found that ether in 
10096 O, consistently yielded superior results in 
inducing surface hypothermia to levels well 
below 20°C without producing arrhythmias, 
and, after 60 minutes of arrest, resuscitation 
and surface rewarming were easily accom- 
plished with minimal use of cardiotonic drugs. 
The incidence of postoperative gait disturbance 
(hypermetria or high-stepping gait) presumed 
to be of neurogenic origin was lower than after 
other forms of anesthetic. In contrast, animals 
subjected to deep hypothermia with halothane 
in 100% O, all had gait disturbances, even after 
only 30 minutes of circulatory arrest. Adding 


5% CO; to the respiratory gases decreased the - 


incidence of neurological disorders but in- 
creased the incidence of ventricular fibrillation 
during cooling at low temperatures and made 
resuscitation more difficult. 


*Sands MP, Dillard DH, Hessel EA II, et al: Unpublished. 


data, 1979. 


Based on these investigations, ether in 100% 
O» has served as our anesthetic regimen of 
choice for our clinical practice of surface- 
induced deep hypothermia for the past thirteen 
years [4—6, 13, 15, 17, 22, 25]. But, ether is an 
explosive agent and in the adult dog, 60 min- 
utes of circulatory arrest is followed by the de- 
velopment of mild gait disturbance in about 
60% of cases. 

In this study, we evaluated the azeotropic 
mixture of halothane and ether both with and 
without CO,. Without CO,, the dogs showed 
neurological disturbances even after 30 minutes 
of arrest, cooling time was significantly longer, 
and the incidence of arrhythmia was signifi- 
cantly greater. For these reasons, arrest periods 
beyond 30 minutes were not studied in this 
group. With 5% CO,, arrhythmias were not a 
problem and the incidence of neurological 
dysfunction was low. 

The role of 5% CO; in improving the results 
with azeotrope requires additional study. We 
have previously found that ether in 100% O, 
changed regional distribution of cardiac output 
under normothermic conditions but that the 
addition of surface cooling resulted in no fur- 
ther change [23]; thus, we were unable to 
document cold-induced vasoconstriction. Halo- 
thane in 100% O, however, appeared to re- 
sult in some degree of cerebral vasoconstric- 
tion during cooling [14]. Also, animals given 
ether in 100% O, had higher cardiac outputs 
during surface cooling than animals given 
halothane in 100% O» [10]. These differences 
may be related to the fact that halothane is a 
more potent myocardial depressant than ether 
[2]. In our studies, deep ether anesthesia (third 
plane, third stage) was employed [12, 15], but 
only moderate depth could be achieved with 
halothane [14]. Since vasomotion is inhibited 
under deep anesthesia [8], it is possible that the 
dogs more deeply anesthetized with ether may 
not benefit from the use of 596 CO,, while in 
the dogs more lightly anesthetized with 
halothane, 5% CO. may improve peripheral 
circulation. Hypothetically, the fractional dis- 
tribution of cardiac output associated with 
lighter azeotrope (95% Oz and 5% CO;) anes- 
thesia and reduced pH may favor anoxia- 
intolerant organ systems, with the role of the 
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ether fraction being an increased cardiac output 
due to sympathetic stimulation [21]. 

Results with the halothane-diethyl ether 
azeotrope in 95% O; and 5% CO, were at least 
as good as, and in several instances better than, 
those with the standard method employing 
ether in 100% O». The obvious advantages of 
being able to use electrocautery and cardiopul- 
monary bypass during combined hypothermia 
procedures without having to first eliminate an 
explosive anesthetic, warrant continued evalu- 
ation of this agent. 
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Open-Heart Surgery in the First Week of Life 


Edward L. Bove, M.D., and Douglas M. Behrendt, M.D. 


ABSTRACT The high mortality of open-heart oper- 
ations in infants with congenital heart disease has 
traditionally led to deferral of definitive operation 
and to use of medical therapy or palliative proce- 
dures. The technique of deep hvpothermia with cir- 
culatory arrest and advances in intensive care have 
made early repair possible. Since 1973, we have re- 
paired life-threatening but correctable lesions in 11 
infants in the first week of life. There are 7 sur- 
vivors. Four patients had total anomalous pulmo- 
nary venous drainage, 2 had truncus arteriosus (1 
with aortic arch interruption), and 1 each had pul- 
monary atresia and intact ventricular septum, critical 
pulmonary stenosis and intact ventricular septum, 
D-transposition of the great vessels, tetralogy of 
Fallot, and left ventricular-aortic tunnel. Postopera- 
tive hypoglycemia (less than 50 mg per 100 ml) de- 
veloped in 4 patients and hypocalcemia (less than 7 
mg per 100 ml), in 5. These problems responded ap- 
propriately to replacement therapy. Three of the sur- 
vivors experienced renal failure, a complication sub- 
sequently prevented by use of mild hemodilution 
perfusion. Two patients had major bleeding, which 
now is prevented by finer suturing and adminis- 
tration of vitamin K and platelets. One infant, 
moribund with pH of 6.8 when brought to operation, 
sustained a cardiac arrest with subsequent brain 
damage. 

We conclude that newborns with life-threatening 
malformations can undergo successful repair. At- 
tention must be paid to their unique metabolic de- 
mands, and surgical technique must be meticulous. 
Early operation before clinical deterioration is es- 
sential. 


Cardiac operations in infants have had a high 
operative mortality in the past. This has led to 
attempts to delay definitive repair by means of 
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medical therapy or by use of palliative opera- 
tions. In addition toa relatively high immediate 
mortality with this approach, there also have 
been an appreciable number of deáths before 
total repair could be performed later in child- 
hood. Several authors reported excellent results 
with total repair of cardiac malformations in 
older infants using the technique of deep 
hypothermia and total circulatory arrest [2, 3, 7, 
8, 12, 13, 15, 16]. These techniques enhance the 
possibility of improved long-term results. Little 
attention, however, has been focused specif- 
ically on the newborn period when many of 
the most critically ill patients must be treated. 
Since 1973, 11 infants in the first week of life 
have undergone complete repair of correctable 
defects at the University of Michigan. The pur- 
pose of this report is to present the results of 
these operations along with our observations 
on the particular requirements of this group of 
patients. 


Technique 

We believe that an essential ingredient for suc- 
cess is prompt and aggressive preparation for 
operation. Therefore, these 11 infants under- 
went cardiac catheterization immediately after 
admission, and, before they were transferred to 
the operating room, metabolic acidosis, when 
present, was treated aggressively with sodium 
bicarbonate administered intravenously accord- 
ing to the following formula: mEq NaHCO, 
= bw X be X 0.3/2, where bw = body weight in 
kilograms and be = base excess. 

Operation was accomplished with the use of 
deep hypothermia and circulatory arrest [3, 7, 
12, 17]. In brief, the infants, under general en- 
dotracheal anesthesia utilizing a balanced tech- 
nique, were surface cooled with ice bags. 
Careful attention was paid to maintaining 
blood pH and partial pressure of carbon dioxide 
at normal levels. Urine output was stimulated 
by fluid loading and intravenous furosemide. 
At a nasopharyngeal temperature of 28°C, a 
median sternotomy was made and cardiopul- 
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monary bypass begun to complete the core 
cooling to 20°C. In the first part of our series, 
total hemodilution was used for cooling, as de- 
scribed by Venugopal and co-workers [17], 
while whole blood was used for rewarming. 
Subsequently,: mild hemodilution perfusion 
(20%) was used throughout. The priming vol- 
ume consisted of 2 units of heparinized whole 
blood and 250 ml of lactated Ringer's solution. 
Sodium bicarbonate, 32 mEq, was added, and a 
mixture of 9596 oxygen and 596 carbon dioxide 
was used in the oxygenator. Further attempts at 
correcting any metabolic acidosis were not 
done until rewarming. Operation was carried 
out during total circulatory arrest, which 
ranged from 20 to 80 minutes. Rewarming was 
accomplished with cardiopulmonary bypass 
maintaining a temperature gradient of 7°C be- 
tween the patient and the blood. Only when 
nasopharyngeal temperatures reached 28°C was 
sodium bicarbonate again administered if acid- 
osis persisted. 

After operation, all infants were ventilated 
using the Baby Bird or Bournes ventilator. 
Fluids and electrolytes, blood volume (as re- 
flected by right and left atrial pressures), and 
inotropic support were managed in the stan- 
dard manner.’ The patient’s body temperature 
was carefully maintained using overhead heat- 
ers to reduce caloric expenditure [9]. Serum glu- 
cose and calcium were measured at frequent 
intervals. Weaning from ventilatory support 
was usually accomplished within 72 hours 
postoperatively through gradual reduction of 
intermittent mandatory ventilation and con- 


_ tinuous positive airway pressure. Most infants 


received digitalis 24 hours after operation. 


Results ! 

Seven patients survived operation (Table). 
There have been no late deaths in a follow-up 
period ranging from six months to five years. 


One of the 4 patients who died (Patient 2) had . 


severe bronchopulmonary dysplasia in addi- 
tion to cardiac disease. Acute tubular necrosis 
necessitating peritoneal dialysis followed oper- 
ation as well. He died of severe respiratory in- 
sufficiency one week after operation. The sec- 
ond death (Patient 5) occurred as a result of an 
intraoperative technical error. The remaining 


2 patients (Patients 4, 6) died apparently of 
low cardiac output despite technically satisfac- 
tory repairs. Three of the 4 deaths occurred in 
patients who were severely acidotic before op- 
eration. 

Complications occurred in all 7 surviving pa- 
tients. Hypocalcemia (serum calcium less than 7 
mg per 100 ml) and hypoglycemia (serum glu- 
cose less than 50 mg per 100 ml) were the most 
common problems, affecting 5 and 4 patients, 
respectively. Two patients (Patients 3, 9) be- 
came hypocalcemic on the first day after opera- 
tion with serum levels of 6.7 and 6.3 mg per 100 
ml, respectively. The remaining 3 patients first 
demonstrated notable hypocalcemia on the sec- 
ond postoperative day with levels of 5.2 mg per 
100 ml (Patient 8), 6.7 mg per 100 ml (Patient 
10), and 6.6 mg per 100 ml (Patient 11). Ap- 
propriate replacement therapy with calcium glu- 
conate, administered intravenously, was in- 
stituted early, before dangerously low levels 
occurred. Hypoglycemia affected 1 patient 
(Patient 9) on the first postoperative day (27 mg 
per 100 ml) and 2 patients (Patients 1, 7) on 
the second postoperative day (37 and 20 mg per 
100 ml, respectively). One patient (Patient 11) 
did not demonstrate marked hypoglycemia un- 
til the sixth day after operation when the serum 
glucose level fell to 37 mg per 100 ml. The ad- 
ministration of 50% dextrose as well as 10% 
dextrose in all intravenous fluids was successful 
in restoring normal serum glucose levels. 

Bleeding requiring reexploration occurred in 
2 of the early patients. In 1 of them (Patient 9), a 
coagulopathy was present. Poor clot retraction 
and prolonged prothrombin, partial throm- 
boplastin, and thrombin clotting times were 
thought to be secondary to transfusion with 
banked blood; they responded to administra- 
tion of platelets and fresh-frozen plasma. 

Generalized seizures occurred in 2 patients; 
in neither was a specific metabolic cause iden- 
tified. One of them (Patient 9) has persistent 
neurological damage. She sustained a cardiac 
arrest before operation and had a prolonged 
and difficult postoperative course. It is not clear 
when the neurological damage occurred. The 
patient was 5 years old at the time of writing 
and continues to require medication to control 
seizures. 
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Data on 11 Infants Undergoing Open-Heart Operation 
— Ó—€—(——————————————»»—————-—————MGÁEQ 


Result 


Doing well at 6 mo 


Died at 7 d of respi- 
ratory failure 


Doing well at 15 mo . 


Died 6 hr after opera- 
tion secondary to low 
cardiac output 

Operative death 


Operative death 


Doing well at 3 yr with 
marked residual PS 


Doing well at 6 mo 


Alive (5-yr-old) with 
mental retardation, 
obstructed SVC, 
baffle leak 


Doing well at 6 mo 


Doing well at 7 mo 


Complications 


Hypoglycemia 


Renal failure 


Hypocalcemia, cardiac 


tamponade 


Hemorrhage 


Transient rise in creati- 
nine to 3.0 mg per 100 
ml, hypoglycemia 

Hypocalcemia 


Coagulopathy, sei- 
zures, renal failure, 
prolonged ventila- 
tion, hypoglycemia, 
hypocalcemia 

Hypocalcemia 


Transient rise in 


Preop. 
Arterial 
Patient Weight Age Blood 
No. (kg) (d) | Gases Diagnosis Operation 
A ——^^^^———— cÓ— S es 
1 3.7 3 pH 7.41 Critical PS with IVS Pulmonary valvotomy, 
Po, 33 mm Hg closure PFO 
Pcos 31 mm Hg 
2 2.8 0.5 pH7.10 TAPVD (supracardiac), Complete repair, liga- 
Po: 25 mm Hg PDA tion PDA 
Pco, 70 mm Hg 
3 2.9 2 pH 7.38 TAPVD (infracardiac), Complete repair, liga- 
Po: 55 mm Hg PDA tion PDA 
Pco, 28 mm Hg 
4 3.1 2 pH 7.48 Pulmonary atresia with Pulmonary valvotomy, 
Po, 180 mm Hg? IVS, PFO closure PFO 
Pco, 25 mm Hg 
5 3.8 1 pH 7.09 SVF to LV, PS, ASD, Closure SVF, pulmonary 
Po, 60 mm Hg PDA valvotomy, closure 
Pco, 90 mm Hg ASD, ligation PDA 
6 3.0 5 pH 7.03 TA, ASD, PDA, inter- 12 mm Hancock RV-PA 
Po, 146 mm Hg” rupted aortic arch conduit, 1° anas- 
Pco, 14 mm Hg tomosis of aortic 
arch, closure ASD 
and VSD, ligation 
PDA 
7 3.9 7 pH 7.43 TOF, LPA stenosis, Complete repair, patch 
Po, 27 mm Fig PFO, PDA LPA, ligation PDA, 
Pco, 43 mm Hg closure PFO 
8 3.0 3 pH 7.35 TAPVD (intracardiac), | Complete repair, liga- 
Po, 36 mm Hg PDA tion PDA 
Pco, 35 mm Hg 
9 3.7 2 pH 6.80 TGV Mustard procedure 
Po; 31 mm Hg 
Pco; 42 mm Hg 
10 3.8 T. pH 7.38 TAPVD (supracardiac), Complete repair, liga- 
Po; 25 mm Hg PDA tion PDA 
Pco, 39 mm Hg 
11 2.] 4 pH 7.38 TA, PFO, TV stenosis RV to PA valveless 
Po, 56 mm Hg ` Gortex graft, val- 


Pco, 26 mm Hg 


‘Inspired oxygen fraction of 30%. 
‘Inspired oxygen fraction of 100%. 


Po, 
partial pressure of carbon dioxide; TAPVD = 
= sinus of Valsalva fistula; LV = left ventricle; ASD = atrial septal defect; TA = 


PA left pulmonary artery; TGV = 


= partial pressure of oxygen; PS = pulmonary stenosis; [VS = intact ventricular septum; PFO = 

total anomalous pulmonary venous drainage; PDA = patent ductus arteriosus; SVF 
truncus arteriosus (type I); RV = right ventricle; 
trans»osition of great vessels; SVC = 


= pulmonary artery; TOF = tetralogy of Fallot; LPA = 
superior vena cava; TV = truncal valve. 


Transient renal dysfunction occurred in 3 pa- 


votomy, closure PFO 
and VSD 


Comment 


creatinine to 2.5 mg 
per 100 ml, hypogly- 
cemia, hypocalcemia, 
seizures 


patent foramen ovale; Pco, = 


tients. In 1 child (Patient 9) oliguria was pro- 
longed but dialysis was not required. Hyper- 
kalemia was managed with Kayexalate (sodium 
polystyrene sulfonate) enemas until urine out- 
put returned on the sixth postoperative day. 
The remaining 2 (Patients 7, 11) had mild ele- 
vations of serum creatinine to 3.0 and 2.5 mg 
per 100 ml, respectively. Both responded to 
increased fluid intake. Prolonged ventilatory 
support was needed in 1 patient (Patient 9), 
whose stormy course has been outlined al- 
ready. 


Our experience indicates that newborn infants 
can undergo successful total repair of compli- 
cated cardiac anomalies in the first week of life. 
Deep hypothermia and total circulatory arrest 
have made this feasible from a technical 
standpoint. The long-term results have been as 
good with this group as with any other group of 
patients undergoing complex intracardiac re- 
pairs. 

Essential to success are prompt diagnosis and 
early operation before clinical deterioration oc- 
curs. Three of the 4 postoperative deaths, as 


133 Bove and Behrendt: Open-Heart Surgery in First Week of Life 


well as the only unsatisfactory long-term result, 
occurred in patients who were severely acidotic 
prior to operation. This last patient (Patient 9) 
sustained a cardiac arrest before operation and 
was brought to the operating room intubated 
and hypoxic, with a pH of 6.8. Although the 
effects of deep hypothermia and total circula- 
tory arrest on long-term mental development are 
not completely understood [6, 14], she is the 
only one of our patients who is mentally re- 
tarded. One other patient had seizures but they 
were transient. 

Vigorous treatment of metabolic acidosis is 
indicated prior to operation. However, sodium 
bicarbonate should be administered sparingly 
once hypothermia is induced. The addition of 
32 mEq of sodium bicarbonate to the prime will 
result in normal acid-base levels in the majority 
of infants upon completion of bypass. More ag- 
gressive treatment of acidosis during body 
temperatures less than 28°C will result in exces- 
sive metabolic alkalosis once normothermia is 
reestablished. 

Newborns with congenital cardiac disease 
differ from older infants with a similar condi- 
tion in a number of respects that must be ap- 
preciated if.a successful outcome is to be ob- 
tained. Hypoglycemia occurs frequently in the 
newborn infant subjected to stress. Inadequate 
stores of glycogen within the liver and exces- 
sive sensitivity to insulin are thought to be the 
prime etiological factors [5]. Although jittery 
movements, tachypnea, and tachycardia are oc- 
casionally seen, the majority of infants with 
hypoglycemia have had no pathognomonic 
signs. The development of symptoms does not 
occur in many infants until a serum level less 
than 30 mg per 100 ml is reached [5]. For this 
reason, the serum glucose must be monitored 
hourly by Dextrostix (reagent strips) and formal 
laboratory determinations made several times 
daily for the first week. Although this compli- 
cation usually occurs within the first 48 hours 
after operation, hypoglycemia was seen as late 
as the sixth postoperative day. We have found 
that nearly all patients who undergo deep 
hypothermia with total circulatory arrest are 
initially hyperglycemic. This is caused in part 
by decreased insulin output during lower body 
temperatures [4, 6]. Serum glucose levels fall 


rapidly without treatment, however, and 
within 24 hours it is usually necessary to pro- 
vide supplemental dextrose. At that time, 
intravenous fluids containing 10% dextrose 
are routinely administered. When serum levels 
of glucose have been normal for at least 48 
hours, the concentration of the glucose solution 
should be reduced gradually to prevent reactive 
hypoglycemia [5]. 

Hypocalcemia is another well-recognized 
problem. Predisposing factors are thought to 
include prematurity, low birth weight, and 
transient hypoparathyroidism [16]. The true 
premature infants are particularly likely to de- 
velop hypocalcemia because they are born rela- 
tively calcium-deficient [10]. As many as 50% of 
these infants have been found to be hypocal- 
cemic in the first 24 hours of life [11]. The clini- 
cal signs of neuromuscular irritability, tremors, 
twitching, and convulsions are well known 
[11]. The use of blood containing citrate, which 
binds calcium, and the administration of 
sodium bicarbonate, which lowers the ionized 
calcium fraction, are situations likely to occur in 
this group of patients. Serum calcium must be 
measured several times daily for the first week 
so that appropriate replacement treatment can 
be given before symptoms develop. The early 
resumption of oral feedings containing low 
concentrations of phosphate help to maintain 
normal glucose and calcium levels [11]. 

The collagen of the newborn infant is imma- 
ture. With age, cross-linking between the col- 
lagen molecules occurs; this is presumably 
responsible for the increasing tensile strength 
observed in maturing tissues. Thus, suture tech- 
nique in the newborn infant must be meticu- 
lous. Two of our early patients bled excessively 
before this was fully appreciated. We now use 
6-0 and 7-0 polypropylene suture material along 
with optical magnification and instruments 
used in coronary artery operations to prevent 
suture line bleeding. Bleeding is also reduced 
by attention to the clotting factor deficiencies of 


‘the newborn [10]. Vitamin K is routinely ad- 


ministered before operation and fresh-frozen 
plasma and platelets are infused following car- 
diopulmonary bypass. 

When total circulatory arrest is performed in 
a patient with a normal hematocrit, tissue dam- 
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age may occur when the circulation is restored. 
This is a consequence of the "no reflow phe- 
nomenon" secondary to red cell sludging 
within the microvasculature [1, 6, 7]. The brain 
and kidneys are particularly vulnerable. It has 
been shown that this can be prevented by 
hemodilution prior to the arrest [1]. For this 
reason, our perfusion technique initially 
utilized total hemodilution prime for the cool- 
ing phase. We found this to be unnecessarily 
complex and now use a perfusate containing a 
2096 hemodilution. We also pay particular at- 
tention to establishing diuresis before circula- 
tory arrest by means of fluid loading and 
furosemide. 

This small experience has encouraged us to 
continue performing total repair in selected 
newborn infants when operation is indicated 
and the anatomy is suitable. Age and size are 
no longer considered to be as important as the 
patient's preoperative condition in determining 
the chances for survival. 
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Pathogenesis of Paradoxical 


Hypertension after Coarctation Repair 


Stewart Fox, M.D., William S. Pierce, M.D., 


and John A. Waldhausen, M.D. 


ABSTRACT A recent review of 25 patients who had 
repair of coarctation of the aorta at the Milton S. 
Hershey Medical Center revealed a 56% incidence of 
paradoxical hypertension in the immediate post- 
operative period. Analysis of results from recent 
animal experiments helped us to formulate a logical 
explanation of the pathogenesis of this hyperten- 
sion. Stimulation of sympathetic nerve fibers located 
between the media and adventitia of the aortic 
isthmus has two effects, both of which result 
in hypertension. The first effect is release of 
norepinephrine and consequential rise in systemic 
blood pressure. Second, this spinal reflex directly 
stimulates the juxtaglomerular cells to release renin 
and cause additional hypertension. An additional ef- 
fect of this increased renin production might be the 
shunting of blood from mesenteric arteries, thus 
causing the abdominal symptoms of so-called post- 
coarctectomy syndrome. The inability of some pa- 
tients to adapt to this spinal reflex may be related to 
the age of the patient when the coarctation was re- 
paired. This probably explains the high incidence of 
persistent hypertension in patients who undergo 
coarctation repair after adolescence. 


The surgical correction of coarctation of the 
aorta is frequently followed by postoperative 
. hypertension. Of further interest is the fact that 
in many patients, surgical correction of the 
coarctation does not bring their blood pressure 
within the range of normal, even after long- 
term follow-up. In fact, postoperatively many of 
these patients experience so-called paradoxical 
hypertension, which often is more severe than 
the preoperative hypertension and can last for 
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varying lengths of time. The cause of this 
hypertension is not completely understood al- 
though numerous studies have been performed 
in an attempt to clarify its pathogenesis. 

Closely related to paradoxical hypertension 
are the gastrointestinal symptoms of so-called 
postcoarctectomy syndrome (mesenteric ar- 
teritis), which occurs in 2 to 28% of patients 
after coarctation repair. Because this syndrome 
is almost always accompanied by paradoxical 
hypertension, we believe the pathogenesis of 
both entities may be the same. Typically, the 
onset of abdominal symptoms occurs on the 
third postoperative day and is characterized by 
abdominal pain and tenderness, ileus, vomit- 
ing, fever, melena, leukocytosis, and paradoxi- 
cal hypertension. This syndrome was described 
by Sealy in 1953 [14], and over the next few 
years reports of progressive bowel necrosis 
and death secondary to this syndrome appeared. 
In 1972, a review of 119 patients with post- 
coarctectomy syndrome focused on the >90% 
incidence of associated paradoxical hyperten- 
sion, as well as the improvement in morbidity 
that followed treatment with antihypertensive 
medications [6]. 

In an attempt to explain the cause of the 
mesenteric arteritis in these patients, it has 
been theorized that the change to an increased 
pulse pressure and a more pulsatile blood flow 
after repair of the coarctation leads to increased 
intraarterial wall tension in the mesenteric ves- 
sels, resulting in subsequent intimal damage 
and thrombosis and in secondary necrotizing 
arteritis [11]. The mesenteric arteries may be 
more susceptible to these changes because of 
the lack of surrounding supporting tissue and 
the fragility of these vessels, which have been 
subjected to subnormal pulse pressure before 
coarctation repair. Although this theory offers a 
plausible explanation for the cause of post- 
coarctation syndrome, it does not provide any 
explanation for paradoxical hypertension and 


136 The Annals of Thoracic Surgery Vol 29 No 2 February 1980 


Table 1. Incidence of Paradoxical Hypertension in 25 Patients Seen with Coarctation of the Aorta 





Blood Pressure 


Preoperative Postoperative Blood Pressure 1 Month 
Patient Age Blood Pressure Blood Pressure on Discharge Postop. 
No. (yr) (mm Hg) (mm Hg) (mm Hg) (mm Hg) 
1 30 140/80 130/80 130/80 
2 8.5 115/62 146/112? 116/68 
3 7 150/100 142/110? 144/60 
4 15 138/66 160/80 140/80 
5 6 100/50 120/70 110/68 Hs 
6 6 105/70 150/1058 ` 150/80° 100/68 
/ 17 160/100 150/100* 138/100" 120/90 
8 6 144/92 140/100" 130/80 
9 L3 120/70 120/70 100/58 
10 8 160/94 148/90 118/80 
11 7.5 130/82 170/120? 130/90 
12 0.08 140/60 110/50 115/65 T 
13 19 185/104 154/102? 160/82 148/84 
14 0.33 140/60 170/70? 140/ 
15 0.60 172/ 130/70 130/70 
16 4 104/68 140/120? 110/70 
17 13 160/90 180/100? 144/92 
18 9 130/80 140/80 125/80 
19 14 160/84 122/90 110/70 
20 7 130/82 170/110? 120/70 
21 0.08 120/ 110/50 110/40 
22 I 140/80 144/76 134/76 
23 23 180/100 17710? 140/80 pus 
24 17 120/75 160/80* 164/78? 135/60 
25 5.5 140/94 170/110? 120/80 


“Hypertensive = systolic blood pressure 2 150 mm Hg or diastolic blood pressure = 100 mm Hg. 


assumes the existence of a second mechanism 
for this entity. 

We reviewed the recent experience with 
coarctation repair at the Milton S. Hershey 
Medical Center and confirmed the high inci- 
dence of postoperative paradoxical hyperten- 
: sion (Table 1). After reviewing some of the lit- 
erature on coarctation repair and discussing 
some recent scientific experiments, we present 
a new theory that better elucidates the patho- 
genesis of paradoxical hypertension, as well as. 
postcoarctectomy syndrome, following repair of 
coarctation of the aorta. 


Material and Methods 

Twenty-five patients ranging in age from 1 
month to 30 years underwent repair of coarcta- 
tion of the aorta at the Milton 5. Hershey Medi- 
cal Center between February, 1975, and Feb- 


ruary, 1978 (Table 2). The method of repair was 
determined by the length of coarctation and the 
age of the patient, and included standard oper- 
ative techniques of resection and direct anas- 
tomosis, Dacron patch graft, or subclavian ar- 
tery patch angioplasty. There were no deaths, 
but 5696 of the patients had paradoxical hyper- 
tension. Clinical follow-up revealed no in- 
stances of persistent hypertension one month 
postoperatively. 


Review of the Literature 

In 1977, Stansel and co-workers [16] reported 
100 consecutive coarctation repairs in patients 
followed up to 13 years postoperatively (see 
Table 2). The mean age of these patients at the 
time of operation was 8.5 years. In the first five 
postoperative days, 63 patients experienced pe- 
riods of paradoxical hypertension, defined as a 


137 Fox, Pierce, and Waldhausen: Paradoxical Hypertension 


Table 2. Summary of Reported Incidence of Paradoxical Hypertension 


No. of Mean Age 


Report Patients (yr) 
Fox et al [this report] 25 7.8 
Stansel et al [16] 100 8.5 
Rocchini et al [13] 7 9.2 
Benedict et al [3] 6 19.2 
Maron et al [10] 59 22.0 


Patients Patients with 
with Paradoxical Unexplained Hypertension? 
Hypertension? >1 Month after Repair 
(76) (76) 
56 0 
63 0 
100 0 
100 67 
37 30 


“Hypertension = systolic blood pressure = 150 mm Hg or diastolic blood pressure = 100 mm Hg. 


blood pressure greater than 170/100 mm Hg. In 
the majority of these patients, this episode oc- 
curred within the first 12 hours following oper- 
ation and usually lasted from two to five days. 
Antihypertensive medication was required in 
55 of the patients. Of particular interest is the 
fact that residual systemic hypertension was 
practically absent in the 97 survivors closely 
followed during an average of 5.7 years of 
follow-up. This is similar to the absence of per- 
sistent hypertension reported by Rocchini and 
colleagues [13] after repair of coarctation in 7 
children. 

In contrast to the long-term results reported 
by Stansel [16], Rocchini [13], and their as- 
sociates is a reported series by Maron and co- 
workers [10] of 248 patients followed from 11 to 
25 years after surgical repair of coarctation. 
Fifty-nine patients were studied carefully in a 
hospital setting, and prolonged systemic hy- 
pertension was present in 22 of them (see 
lable 2). Hypertension was explained by the 
presence of residual coarctation in 4 patients. 
After a careful examination to rule out residual 
or recurrent coarctation, which has been re- 
ported in up to 2596 of patients, the cause of 
hypertension in the other 18 patients remained 
unexplained. 

Benedict and associates [3] similarly reported 
persistent postoperative hypertension in 4 of 6 
patients undergoing coarctation repair (see 
Table 2). None of their patients had evidence of 
residual coarctation. Because of the persistent 
elevation of norepinephrine levels, Benedict 
and co-workers suggested that the pathogene- 
sis may be related to the persistent increase in 
sympathetic activity. They also theorized that 


the baroreceptors that had been accustomed 
to high blood pressure from birth, failed to 
reset at a lower level after surgical repair of 
the coarctation. Although this mechanism of 
baroreceptor “resetting” is not completely un- 
derstood, it is certainly conceivable that per- 
sistent hypertension may be related to the age 
at which the coarctation is repaired. The patient 
who has prolonged periods of proximal hyper- 
tension and does not undergo repair of the 
coarctation until a later age often remains 
hypertensive postoperatively. Therefore, the 
absence of residual hypertension in the patients 
reported by Stansel [16], Rocchini [13], and 
their colleagues might be related to the fact that 
the mean ages of their patients at the time of 
repair were 8.5 years and 9.2 years, respec- 
tively, compared with the patients of Benedict 
[3], Maron [10], and their colleagues with mean 
ages of 19.2 years and 21 years, respectively. 
The experience at the Milton S. Hershey Medi- 
cal Center in a group of 25 patients whose mean 
age was 7.8 years further substantiates these 
findings. 

In recent years, numerous clinical and scien- 
tific studies have accumulated data that have 
helped define the physiological mechanisms 
involved in the pathogenesis of postoperative 
hypertension following coarctation repair. 
Clinical studies by Benedict and associates [3] 
and by Sealy [15] have elucidated the important 
role of increased norepinephrine as a mediator 
of sympathetic reflexes postoperatively that re- 
sults in paradoxical hypertension. Other clinical 
studies by Rocchini and colleagues [13] empha- 
sized the renin mechanism as a major contrib- 
uting factor causing paradoxical hyperten- 
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sion. We will discuss these results separately 
and correlate them with recent laboratory ex- 
periments to formulate a working hypothesis. 


Physiological Mechanisms 

Sympathetic Nervous Reflex 

In a recent report by Benedict and associates [3], 
levels of norepinephrine, epinephrine, and 
dopamine-betahydroxylase were measured in 
the urine of 6 patients undergoing coarctation 
repair. These measurements were compared 
with similar measurements in 9 patients under- 
going other types of major operation. Samples 
were taken preoperatively and postoperatively 
and repeated six months following the opera- 
tion. This study revealed that there was a 750% 
increase in norepinephrine concentrations 
within 12 hours of aortic coarctation repair and 
that this was accompanied by a significant in- 
crease in systolic and diastolic blood pressure. 
In the 9 patients who underwent other types of 
major operations, there was a small increase in 
norepinephrine concentrations, which returned 
to normal levels within 24 hours. In the coarc- 
tation group, significant elevations of norepi- 
nephrine were still detectable six months follow- 
ing repair. 

These findings were consistent with those of 
Goodall and Sealy [5], Sealy [15], and Verska 
and co-workers [18], who found the postopera- 
tive elevation of norepinephrine significantly 
greater in patients undergoing coarctation re- 
pair than in control surgical patients. Sealy [15] 
examined the records of his patients who un- 
derwent coarctation repair, and it became 
evident that there was a significant incidence of 
postoperative paradoxical hypertension. He 
found that there were actually two hypertensive 
responses that occurred after resection and 
restoration of the aortic lumen to normal. The 
first, which was sometimes associated with 
systolic pressures as high as 260 mm Hg, oc- 
curred within the first 24 hours after operation. 
The pressure then dropped to levels near the 
patient's preoperative level. A second response, 
primarily diastolic, was noted two to three days 
following operation. He found that all of the 
patients who had a delayed postoperative 
diastolic hypertensive episode also had the 
immediate systolic hypertension. He also found 
that the hypertension in the immediate post- 


operative period responded well to sym- 
patholytic and sympathetic blocking drugs, 
thus suggesting that an elevation in norepi- 
nephrine in the immediate postoperative pe- 
riod might be the causative factor. 

To confirm this belief, Sealy [15] studied 12 
patients with coarctation of the aorta by assay- 
ing catecholamines in preoperative and post- 
operative 24-hour urine collections. Six of the 
patients had abnormal levels of norepinephrine 
for as long as they were followed, which for the 
most part was seven days. In the control group 
and the other 6 patients with coarctation, the 
excretion returned to normal in three days. Of 
the 6 patients who had significant and pro- 
longed postoperative elevation of norepineph- 
rine, 5 had both the early and the delayed 
paradoxical hypertension. Sealy [15] could not 
find a mechanism for the increase of the 
norepinephrine release and theorized that it 
may be a feedback stimulated by the baro- 
receptor mechanism. 

These findings were interpreted as repre- 
sentative of an increase in sympathetic nervous 
system activity following coarctation repair that 
may lead to paradoxical hypertension. In 1976, 
they were confirmed bv Rocchini and associates 
[13] who found that the blood pressure re- 
sponse to cold pressor testing was severely de- 
pressed within 24 hours following coarctation 
repair. The patients had a concomitant eleva- 
tion of norepinephrine levels, thus reconfirm- 
ing that sympathetic activity was significantly 
elevated immediately tollowing coarctation re- 
pair. All 7 children in their report demonstrated 
a rise in blood pressure following operation. 


Renin Mechanism 

Several studies have been performed to study 
the relationship of plasma renin activity to 
postoperative hypertension in patients with 
coarctation. Rocchini and colleagues [13] dem- 
onstrated a significant rise in plasma renin ac- 
tivity after operation in 7 patients with coarcta- 
tion compared with a controlled surgical group. 
The rise began on the first postoperative day 
and was back to normal in 6 patients by the 
seventh postoperative day. Markiewicz [9], 
Werning [19], and their associates, reported 
normal plasma renin activity following coarcta- 
tion repair. Careful examination of their work 
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revealed that the values were obtained a week 
or more after operation and therefore are not 
inconsistent with the data presented by Roc- 
chini’s group [13]. Many investigators have 
suggested that renin may be the mediator re- 
sponsible for prolonged hypertension following 
coarctation repair. Because experimental work 
has had conflicting results and because renal 
blood flow after coarctation repair, as well as 
before repair in experimental animals, is not 
decreased [4, 20], a mechanism for renin eleva- 
tion has not been adequately explained until 
recently. 


Animal Studies 

Renin Mechanism 

A considerable amount of data has been ac- 
cumulated recently showing that sympathetic 
nerves can influence renin release or secretion. 
Intraarterial or intravenous infusion of cate- 
cholamines, as well as endogenous norepineph- 
rine released by tyramine, have been shown 
to increase plasma renin activities. Renal de- 
nervation decreases renin content in the kid- 
ney, whereas electrical stimulation of the renal 
nerves or pharmacological stimulation of sym- 
pathetic ganglia can increase plasma renin. In 
1975, Zanchetti and Stella [21] reported a se- 
ries of animal experiments that provided defi- 
nite evidence that sympathetic stimulation can 
indeed release renin from the kidney inde- 
pendently of local vasomotor changes. This 
confirmed the presence of a neural apparatus 
capable of stimulating renin release from the 
juxtaglomerular cells of the kidney without re- 
quiring decreased renal blood flow or pressure. 
This neural mechanism is a sympathetic reflex 
mediated by norepinephrine. 


Sympathetic Reflex 

In 1974 Lioy and co-workers [8] demonstrated 
that aortic stimulation had direct adrenergic 
effects on systemic blood pressure. Their ani- 
mal studies revealed that stretching the aortic 
isthmus, but not so as to interfere with aortic 
blood flow, induced significant increases in 
arteria] blood pressure, heart rate, and max- 
imum rate of rise of left ventricular pressure 
(dP/dtmax). These findings persisted in vagot- 
omized cats and after cord sectioning at the 
first cervical level. 


These responses seem to represent neurally 
mediated phenomena since they all disap- 
peared after infiltration of the aortic wall at the 
isthmus with Xylocaine (lidocaine). These same 
responses were not eliminated in spinal prepa- 
rations; therefore, it probably localizes the re- 
flex within the spinal cord. The effects of aortic 
stretching are probably attenuated by carotid 
baroreceptive mechanisms, and this inhibition 
was relieved after carotid artery occlusion. 
Alpha-receptor blockade suppressed the blood 
pressure rise, but not the tachycardia or rise in 
dP/dtmax. The administration of propranolol did 
not affect the hypertension, but abolished the 
tachycardia and increases in dP/dtmax. All the 
reflex responses, although attenuated, persisted 
in adrenalectomized cats, thus providing evi- 
dence that they were only partly due to in- 
creased catecholamine output from the adrenal 
glands. 

The spinal reflex discussed here appears to 
operate by a positive feedback mechanism 
rather than the more usually encountered 
negative feedback mechanism of neurally con- 
trolled circulatory reflexes. It is concluded that 
stretching the aortic isthmus induced an in- 
crease in sympathetic activity affecting the 
heart, the peripheral vessels, and, in part, the 
adrenal glands, through a spinal reflex. Uchida 
[17] demonstrated that the intermediary be- 
tween aortic arch mechanoreceptors and the 
spinal reflex was through afferent pathways in 
the cardiac sympathetic nerves of animals. 
These same afferent fibers were demonstrated 
in the ascending and descending thoracic aorta. 

Abraham's [1] exhaustive neurohistological 
research of human aortas revealed depressor 
nerve endings restricted to the area at the 
interface between the tunica media and the ad- 
ventitia. He succeeded in demonstrating that 
the aorta fibers and end systems were localized 
to the aortic isthmus, with the majority of the 
endings in the area of the ligamentum ar- 
teriosum. l 

A study by Khaisman [7] confirmed the pres- 
ence of numerous myelinated and unmyeli- 
nated fibers in the same area (reflexogenic 
zone) of the aortic arch situated between the 
adventitia and the tunica media. These nerve 
trunks were found to be sympathetic fibers 
with concentrations of norepinephrine. It was 
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theorized that the direct action of the 
norepinephrine secreted by these neurons ef- 
fected the intimately attached baroreceptor ap- 
paratus and, thus, the biomechanics of the ves- 
sel wall. 


Comment 

It has become clear that in clinical studies at 
least two different types of postoperative 
hypertension can be seen after coarctation re- 
pair. The immediate postoperative hyperten- 
sion seems to be caused by an increased release 
of catecholamines. As evidenced by increased 
norepinephrine levels in the urine and serum, 
most patients following coarctation repair re- 
turn to normotensive states after the initial 
norepinephrine sympathetic discharge period 
has ended, usually around the fifth or sixth 
postoperative day. This initial postoperative 
hypertension, predominantly systolic in na- 
ture, occurring during the first 24 hours fol- 
lowing operation, was associated with only a 
small rise in the plasma renin activity in a study 
performed by Rocchini and co-workers [13]. It 
was also associated with a dampened cold 
pressor response, suggesting that the sym- 
pathetic nervous system was the mediator of 
this initial postoperative hypertension. 

The second phase of the postoperative 
hypertension, however, is probably caused by 
increased renin activity. In some studies, such 
as that of Rocchini and colleagues [13], the mild 
systolic hypertension and moderate diastolic 
hypertension occurring several days after co- 
arctation repair were associated with a marked 
rise in plasma renin levels. Since norepineph- 
rine elevation after coarctation repair has been 
substantiated by the studies already discussed, 
we believe that the secondary phase of hyper- 
tension is directly related to renin release 
stimulated by the first phase of paradoxical 
hypertension. 

Animal experiments have established that 
renin augmentation can be elicited by sym- 
pathetic nervous activity as well as by circulat- 
ing catecholamines. It is not difficult to con- 
ceive, therefore, that increased sympathetic dis- 
charge is caused by stimulation of the adren- 
ergic nerve fibers in the aortic isthmus during 
coarctation repair. This sympathetic discharge 
causes increased circulating norepinephrine 


and immediate postoperative hypertension, 
and also induces augmented renin release and 
secondary postoperative hypertension. 

The elevated plasma renin activity responsi- 
ble for the second stage of paradoxical hyper- 
tension may also play the major role in the 
cause of postcoarctectomy syndrome. Experi- 
mental studies in dogs by Adar and associates 
[2] revealed that superior mesenteric artery 
blood flow could be reduced disproportionately 
by reducing the cardiac output and, thereby, 
elevating plasma renin activity. Direct infusion 
of angiotensin produced the same effect. The 
mechanism may be related to increased sen- 
sitivity of the mesenteric circulation to an- 
giotensin allowing preferential shunting of 
blood to other organs [12]. These conclusions 
are supported by the results reported by Roc- 
chini and colleagues [13] in 7 children following 
repair of coarctation. Five of the children in- 
curred abdominal symptoms of postcoarctectomy 
syndrome, which coincided with the period of 
maximal plasma renin activity 48 to 72 hours 
after operation. The patients with the most se- 
vere symptoms also had the highest level of 
plasma renin activity. Although 56% of patients 
at the Milton S. Hershey Medical Center had 
paradoxical hypertension after coarctectomy, all 
were treated aggressively with antihyperten- 
sive medications and there were no instances of 
notable abdominal symptomatology. Only 5% 
of the patients treated with antihypertensive 
medications by Stansel and co-workers [16] in- 
curred the postcoarctectomy syndrome, and all 
responded to conservative management. We 
believe that antihypertensive medications prob- 
ably aid in the reduction of the mechanical 
stresses on the mesenteric arteriolar walls gen- 
erated by increased pulsatile blood flow, as well 
as decreasing the vasoconstrictive and blood 
shunting effects of the renin-angiotensin sys- 
tem. The previously described experiments 
suggest that competitive inhibition of an- 
giotensin II with drugs such as saralasin may be 
a very effective means to completely abolish 
this syndrome. 


Conclusion 

Application of these new experimental findings 
to the clinical situation offers explanations of 
the pathogenesis of paradoxical hypertension 
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after coarctation repair that were not available 
previously. Surgical manipulations of the aorta 
in the area of the ligamentum arteriosum can 
stimulate sympathetic nerve fibers located be- 
tween the media and adventitia of this vessel. 
This stimulation has two effects, both of which 
result in increased blood pressure. The first is 
release of norepinephrine and reflexive eleva- 
tion of systolic blood pressure, heart rate, and 
dP/dta of the left ventricle. Second, this spinal 
reflex directly stimulates the juxtaglomerular 
cells of the kidney to release increased amounts 
of renin. Additional stimulation of renin release 
will occur because of the augmented levels of 
circulating norepinephrine. The end result is 
increased blood pressure rather than decreased 
pressure after coarctation repair. Since baro- 
receptors in the aortic and carotid region 
still maintain their integrity, their negative 
feedback mechanism will act to modify the 
hypertensive effects just discussed. In patients 
who have been hypertensive for extended 
periods of time, their baroreceptors have 
been modified and have a diminished effect, 
thus explaining the increased incidence of pro- 
longed residual systemic hypertension after 
coarctation repair in older patients. 

This same mechanism of action may also ex- 
plain the high incidence of paradoxical hyper- 
tension that accompanies traumatic rupture of 
the aorta. After repair of these aortic tears, 
which most often occur in the same region as 
does coarctation, hypertension in the post- 
Operative period is a common occurrence. It is 
our belief that the same positive feedback 
mechanism of the aortic stretch receptors is the 
cause of this syndrome. We are presently in- 
vestigating the norepinephrine and renin levels 
in these patients to further substantiate that 
both syndromes have the same pathogenesis. 
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Long-Term Results of Open Mitral Valvuloplasty 


James Byrne, M.D., Marvin M. Kirsh, M.D., Joe D. Morris, M.D., 


and Herbert Sloan, M.D. 


ABSTRACT The long-term results of open mitral | 


valvuloplasty in 51 patients are assessed. At the time 
of operation, 4 patients were in New York Heart As- 
sociation Functional Class II, 41 in Functional Class 
III, and 5 in Functional Class IV. 

Group I (14 patients) had had previous closed mi- 
tral commissurotomy. Three patients died 2 to 4 
years after open valvuloplasty. One patient died 
following valve replacement 7 years after the open 
valvuloplasty. Five others required mitral valve re- 
placement 1 to 12 years following open valvulo- 
plasty. Only 4 of the 14 patients are in Functional 
Class I or II 10 to 15 years following valvuloplasty. 

Group II (36 patients) had never undergone a pre- 
vious mitral operation. Four of them died of progres- 
sive myocardial failure 4 to 6 years following val- 
vuloplasty. One patient died of carcinoma of the 
lung 2 years postoperatively. Six patients underwent 
valve replacement 6 to 11 years following initial op- 
eration. Twenty-six have survived for at least 10 
years without additional operation. Fourteen are in 
Functional Class I, and 12 are in Functional Class II. 

Open mitral valvuloplasty allows for (1) accurate 
commissurotomy and careful subvalvular dissection, 
(2) direct vision to diagnose clot in the left atrial 
appendage or left atrium proper, (3) accurate assess- 
ment of residual or induced mitral regurgitation and 
immediate repair, and (4) reasonable operative mor- 
tality and morbidity. 


Most cardiac surgeons agree that mitral val- 
vuloplasty is the preferred operation in selected 
patients with mitral stenosis. Because extracor- 
poreal circulation has become safer in recent 
years, the technique of closed mitral commis- 
surotomy has been abandoned in favor of open 
mitral valvuloplasty in many centers. Although 
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there have been numerous publications con- 
cerning the immediate effects following open 
mitral valvuloplasty, few publications have as- 
sessed the long-term results [2, 5, 6, 10]. Open 
mitral valvuloplasty has been the preferred op- 
eration for uncomplicated mitral stenosis at the 
University of Michigan Medical Center since 
1959. The present study was undertaken to as- 
sess the long-term results following mitral val- 
vuloplasty in 51 patients. 


Material and Method 
Between 1959 and 1965, 51 patients underwent 
open mitral valvuloplasty. Forty-two were fe- 
male and 9 were male patients. They ranged 
from 16 to 61 years old (mean age, 42 years). 
Three of the patients were 30 years old, 19 were 
30 to 40, 18 were 40 to 50, and 11 were 50 to 60 
years old. At the time of operation, 4 patients 
were in New York Heart Association (NYHA) 
Functional Class II, 41 in Functional Class III, 
and 5 in Functional Class IV. Closed mitral 
commissurotomy had been performed previ- 
ously in 14 patients. Fourteen patients had a 
history of peripheral arterial embolism. At the 
time of operation, calcification of the mitral 
valve was found in 14 patients. Thrombus in 
the left atrium was detected in 13 patients. 

The operation.is performed through a right 
anterolateral thoracotomy through the fourth 
intercostal space. Standard bicaval cannulation 
techniques are utilized. The right femoral artery 
is the site of cannulation for arterial inflow. The 
patient is cooled to 32? to 30*C, and the aorta is 
vented with a needle to remove air. The left 
atrium is opened longitudinally just posterior 
to the interatrial groove. The atrial cavity is 
carefully examined for thrombus. If present, the 
thrombus is removed and the orifice of the 
atrial appendage oversewn. The mitral valve is 
then made incompetent by insertion of a sucker 
through its orifice, and. the aorta is cross- 
clamped to achieve ischemic arrest. 

With mitral valve retractors, the anterior and 
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posterior leaflets are elevated in a horizontal di- 
rection. This maneuver allows identification of 
the chordal attachments with subjacent papil- 
lary muscles of the two leaflets, and the precise 
sites of commissural fusion. Both commissures 
are incised as widely as possible, care taken to 
ensure that adequate chordal support remains 
on either side of the incision. The incision stops 
2 to 3 mm from the valve annulus. When there 
is also obstruction involving the subvalvular 
apparatus, the fused chordae tendineae are in- 
cised down and into the papillary muscles; the 
chordae tendineae must not be cut. In some pa- 
tients the valve was carefully debrided of cal- 
cium deposits. 

After the valvuloplasty has been completed, 
the mitral valve is made incompetent again and 
the aortic clamp released; the left ventricle is 
allowed to fill with blood, and valve compe- 
tency is assessed. If regurgitation is present, it 
is corrected by placing annuloplastic sutures 
across one or both commissures. Finally, the 
left atriotomy is closed and meticulous manip- 
ulations are carried out to avoid air embolism as 
the patient is weaned from cardiopulmonary 
bypass. 


Results 

One patient died unexpectedly of ventricular 
fibrillation on the third postoperative day. The 
postoperative course had been uncomplicated 
until that time. Follow-up evaluation to 10 years 
was carried out in the remaining 50 patients, 
either by periodic visits to the postoperative 
clinic or by direct contact with the patient's 
physician. The patients were divided into two 
groups: Group I consisted of 14 patients who 
had undergone a previous closed mitral com- 
missurotomy, and Group II consisted of 36 pa- 
tients who had not undergone a previous mitral 
operation. 


Group I 

Three of the 14 patients died of myocardial fail- 
ure between 2 and 4 years following open val- 
vuloplasty. All were in Functional Class IV at 
the time of operation. The valves of all 3 pa- 
tients were heavily calcified, and the operations 
were performed before the development of 
prosthetic heart valves. Another patient died 


following valve replacement 7 years after open 
valvuloplasty. Five other patients required mi- 
tral valve replacement up to 12 years (mean, 5 
years) following open valvuloplasty. Only 4 of 
the 14 patients are in Functional Class I or II at 
10 to 15 years following valvuloplasty. No pa- 
tient in Group I experienced an arterial embolus 
during the period of follow-up. 


Group II 

Four of the 36 patients died between 4 and 6 
years (mean, 4.75 years) following valvulo- 
plasty. Three of the patients were in NYHA 
Functional Class III at the time of operation. All 
of these patients died of progressive myocardial 


failure. One patient died of carcinoma of the 


lung 2 years postoperatively. Six patients 
underwent valve replacement 6 to 11 years 
(mean, 9.3 years) following the initial opera- 
tion. Twenty-six of the 36 patients have sur- 
vived for 10 to 15 years without an additional 
operation. Fourteen are in Functional Class I 
and 12 in Functional Class II. 

Six patients in chronic atrial fibrillation sus- 
tained an embolus without sequelae post- 
operatively. Four had experienced a preopera- 
tive embolus. There was no correlation between 
the finding of a thrombus at operation and the 
occurrence of a subsequent embolus. 


Comment i 

Since 1959 we have favored open mitral val- 
vuloplasty for the following reasons: (1) it al- 
lows for an accurate commissurotomy, careful 
subvalvular dissection, and, if necessary, split- 
ting of the papillary muscles under direct vision 
in a bloodless field; (2) clot in the left atrial ap- 
pendage or left atrium proper cannot be diag- 
nosed consistently during the preoperative 
evaluation and is handled best by removal 
under direct vision; (3) fairly accurate assess- 
ment of residual or induced mitral regurgitation 
is possible, and the opportunity for immediate 
repair exists; and (4) it can be performed with 
a reasonable operative mortality and morbidity. 
We believe that a 1.9% operative mortality and 
a zero incidence of fatal postoperative emboli 
support our approach. Others have reported a 
similar low operative mortality with this ap- 
proach [2, 3, 5, 6, 9]. 
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Although there have been many publications 
concerning the long-term fate of patients after 
closed mitral commissurotomy and the imme- 
diate effects of open mitral valvuloplasty, there 
have been relatively few discussions of the 
long-term prognosis after the open approach [1, 
7, 8]. Gerami and co-workers [3] followed 34 
patients for 2 or more years following open val- 
vuloplasty, 32 of whom were well and free from 
symptoms. Subsequent valve replacement was 
required in 1 patient. Finnegan and colleagues 
[2] reported on 138 patients followed for an 
average of 27.5 months following open val- 
vuloplasty. Of these, 106 or 76.896 were in Class 


I, 30 or 21.796 were in Class II, and 2 or 1.496 : 


were in Class III or IV. There were 5 valve re- 
placements (3.6%) and 5 late deaths (3.6%). 
Housman and associates [5] reported on 98 pa- 
tients followed from 1 to 136 months (mean, 46 
months) after open commissurotomy. Sixteen 
patients underwent repeat commissurotomy or 
valve replacement, and 48 patients were in 
Functional Class I and 30 patients in Functional 
Class II. The authors thought that the actuarial 
chance of not requiring a reoperation at 10 years 
was 38%. 

We also found that the open technique pro- 
vides good long-term palliation since 60% of all 
of our patients undergoing open operation re- 
mained in Functional Class I or II at 10 years 
postoperatively without reoperation. Consid- 
ering only those patients who underwent val- 
vulopiasty as the primary operation, we have 
even better results since 72% of these patients 
remained improved on long-term follow-up. 

There was no difference between those pa- 
tients requiring reoperation and those who did 
not with respect to NYHA Functional Class, du- 
ration of symptoms, or cardiac rhythms. The 
most important factor determining long-term 
prognosis was the condition of the valve at the 
time of operation (Table). The more severe the 
deformity of the leaflets and subvalvular ap- 
paratus at the time of operation, the greater the 
likelihood that the patient would require valve 
replacement. Of 31 patients with fair to poor 
leaflet anatomy, 20 underwent reoperation or 
died. On the other hand, no patient with favor- 
able valvular anatomy (no loss of valve sub- 
stance, retention of leaflet mobility, and no cal- 


Status of the Mitral Valve at the Time of Operation 


Group | Group II 
Reoper- Reoper- 
ation or ation or 
Leaflet No. of Late No. of Late 
Condition Patients Death Patients Death 
Good 3 0 16 0 
Fair 3 2 12 4 
Poor 8 8 8 6 


cification) required reoperation within 10 years 
postoperatively. As a group, the patients who 
had undergone a previous closed commis- 
surotomy had more severe leaflet deformity 
than the group of patients who had not. This 
probably accounts for the poor long-term re- 
sults obtained in these patients. Many of them 
were operated on before satisfactory prostheses 
were available. 

Selzer and Cohn [11] studied the natural his- 
tory of mitral stenosis and emphasized that the 
progressive deterioration that occurs is the re- 
sult of chronic turbulent flow across a stenotic 
defect. They disagreed with the concept of the 
rheumatic process. Harken and co-workers [4] 
demonstrated that restenosis of the mitral valve 
is uncommon if the commissures are opened 
completely at the initial operation. Our obser- 
vations of the valves removed at reoperation 
confirm their findings. Perhaps an early open 
valvuloplasty delays the process of valve de- 
struction and eventual prosthetic replacement 
by minimizing turbulent flow. 

The results of this study demonstrate that 


Cumulative survival 10 years after open mitral val- 
vuloplasty. 
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nearly 7596 of patients with mitral stenosis and 
favorable anatomy (pliable leaflets, no loss of 
valve substance, no calcification, and little or no 
insufficiency) who undergo open valvuloplasty 
can be expected to have a long-lasting and ben- 
eficial result (Figure). Because of this and be- 
cause open valvuloplasty allows visual assess- 
ment of the valve, thereby enabling the surgeon 
to decide whether or not to replace it, we be- 
lieve open valvuloplasty is the preferred opera- 
tion for patients with mitral stenosis. 


References 

1. Ellis LB, Singh J, Morales D, et al: Fifteen to 
twenty year study of 1,000 patients undergoing 
closed mitral valvuloplasty. Circulation 48:357, 
1973 

2. Finnegan ], Gray D, MacVaugh H, et al: The 
open approach to mitral commissurotomy. ] 
Thorac Cardiovasc Surg 67:75, 1974 

3. Gerami S, Missmer B, Hallman G, et al: Open 


10. 


IL 


mitral commissurotomy, results of 100 consecu- 
tive cases. J Thorac Cardiovasc Surg 62:366, 1971 


. Harken D, Blaur H, Taylor VJ: Reoperation for 


mitral stenosis. Circulation 23:7, 1961 


. Housman LB, Bonchek L, Lambert L, et al: Prog- 


nosis of patients after open commissurotomy: 
actuarial analysis of late results in 100 patients. J 
Thorac Cardiovasc Surg 73:742, 1977 


. Mullin M, Engelman R, Isom O, et al: Experience 


with open mitral commissurotomy in 100 con- 
secutive patients. Surgery 76:974, 1974 


. Nathaniels EK, Moncure AC, Scannell JG: A 


fifteen-year follow-up study of closed mitral val- 
vuloplasty. Ann Thorac Surg 10:27, 1970 


. Olinger GN, Rio FW, Maloney J: Closed val- 


vulotomy for calcified mitral stenosis. J Thorac 
Cardiovasc Surg 62:357, 1971 


. Robinson G, Attai LA: Elective open-heart sur- 


gery for mitral stenosis. Ann Thorac Surg 6:246, 
1968 

Roe BB, Edmunds LH Jr, Fishman NH, et al: 
Open mitral valvulotomy. Ann Thorac Surg 
12:483, 1971 

Selzer A, Cohn K: Natural history of mitral 
stenosis: a review. Circulation 45:878, 1972 


Operation for Chronic Constrictive Pericarditis: 
Do the Surgical Approach and Degree of Pericardial 
Resection Influence the Outcome Significantly? 


Alfred T. Culliford, M.D., Mark Lipton, M.D., and Frank C. Spencer, M.D. 


ABSTRACT Our experience with 27 patients un- 
dergoing pericardiectomy at New York University 
Medical Center over the past 13 years has evolved a 
radical pericardiectomy operation suggesting that 
two traditional concepts are erroneous: (1) pericar- 
diectomy limited to the anterior and lateral surfaces 
of the ventricles is an adequate operation and (2) 


delayed recovery is due to myocardial "atrophy" and 


not to inadequate operation. 

Radical pericardiectomy entails removal of virtu- 
ally the entire parietal pericardium from all cardiac 
surfaces including that of both ventricles, the right 
atrium, and the venae cavae. Performed in 22 pa- 
tients by dissecting a cleavage plane between the 
thickened parietal pericardium and underlying 
epicardium, all procedures were done through a 
sternotomy. 

Intraoperative monitoring of arterial pressure, 
cardiac output, and wedge pressure is essential be- 
cause of displacement of the left ventricle. The 
left ventricle can be completely mobilized so that at 
the end of the operation the entire heart can be lifted 
upward and the course of the coronary sinus fully 
visualized. Intraoperative pressure measurements 
demonstrate that this radical resection immediately 
corrects hemodynamic abnormalities (elevated right 
atrial and ventricular end-diastolic pressures), as 
demonstrated in 10 patients. Most patients undergo 
massive diuresis (7 to 16 kg) within two weeks, with 
an uneventful recovery. 

These findings contrast markedly with early ex- 
periences using a conventional limited pericardiec- 
tomy. 


Chronic constrictive pericarditis is a relentless 
disease responsible for progressive disability. 
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© Characteristically, the heart becomes encased in 


a thickened and fibrotic pericardium, which 
often is extensively calcified. Physiologically, 
diastolic filling of the cardiac chambers is im- 
peded, with elevation of right atrial mean pres- 
sure and end-diastolic pressures in both ven- 
tricles. Cardiac output is reduced when the 
constriction is significant. 

In the past, this disorder usually was caused 
by tuberculosis. With the declining prevalence 
of this mycobacterial infection, it is no longer 
the most common cause of chronic constrictive 
pericarditis. Other factors are now responsible, 
and their identification in individual patients is 
frequently not possible. This elusive aspect of 
the disease helps account for its intriguing 
ability to masquerade as a multitude of sys- 
temic and cardiac disorders. 

It is reported that in 1913, Rehn and Sauer- 
bruch performed a successful pericardial resec- 
tion for chronic constrictive pericarditis [8]. 
Since then, several approaches and techniques 
have been suggested. The degree and duration 
of improvement following a variety of recom- 
mended procedures are difficult to determine 
since this disease is relatively uncommon. 
Noteworthy conclusions regarding the optimal 
surgical approach and the degree of pericardial 
resection can be made only after an extensive 
review. We examined the experience at New 
York University Medical Center, putting par- 
ticular emphasis on the surgical approach and 
the influence of the completeness of pericardial 
resection on long-term results. 


Clinical Material 


. From November, 1965, to August, 1978, 27 pa- 


tients were surgically treated for chronic con- 
strictive pericarditis. There were 21 male and 6 
female patients ranging from 10 years to 64 
years old (mean age, 47 years). 

At the time of initial evaluation, a variety of 
presenting symptoms was noted. 
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No. of Presenting No. of 
Symptoms Patients 
1 7 (26%) 
2 19 (70%) 
3 1 (4%) 


The distribution of these symptoms was as fol- 
lows: 


No. of 
Symptom Patients 
Ascites and/or leg edema 22 (81%) 
Dyspnea on exertion; fatigue 19 (70%) 
Pericardial pain 3 (1196) 
Angina pectoris 1 (496) 
Recurrent fever 1 (496) 


A considerable variation was noted in the du- 
ration of symptoms prior to definitive diag- 
nosis and treatment. The shortest period was 
two months and the longest, 10 years. The aver- 
age symptomatic interval before accurate diag- 
nosis was established was 2.3 years. During 
this interval, the problem was thought to be cir- 
rhosis, malignancy, congestive heart failure, a 
nutritional disturbance, or cardiomyopathy. 


Table 1 shows the findings on chest roent- , 


genogram and cardiac catheterization. Exten- 
sive pericardial calcification—at times outlining 
the entire pericardium—was found in 8 pa- 
tients. During the initial phase of this review 
not all patients underwent cardiac catheteriza- 
tion. Because of the increased safety of this pro- 
cedure and the opportunity it gives to detect 
unsuspected associated disease involvement 
and provide definitive information for diag- 
nosis, all patients are now routinely evaluated 
with a complete cardiac catheterization study. 
Typical findings at cardiac catheterization 
that are highly suggestive of chronic constric- 
tive pericarditis include similarity of the 
end-diastolic pressure in the right ventricle, the 
pulmonary artery diastolic pressure, and mean 
pressures in the right atrium and superior vena 
cava. In addition, an early diastolic dip fol- 
lowed by a characteristic plateau later in dias- 
tole is noted in pressure recordings of the right 
and left ventricle. Frequently, the end-diastolic 


Table 1. Findings on Chest Roentgenogram 
and Cardiac Catheterization in 24 Patients 
with Chronic Constrictive Pericarditis 


No. of 
Diagnostic Method Patients 
Chest roentgenogram 
Pericardial calcification 8 (30%) 
Cardiomegaly 8 (30%) 
Both 11 (41%) 
Cardiac catheterization data? 
Right atrial pressure (mm Hg) 
<= 12 2 (10%) 
13-19 5 (24%) 
20+ 14 (67%) 
Pulmonary artery systolic pressure (mm Hg) 
20-29 7 (33%) 
30-39 7 (3396) 
404- 7 (83%) 
Cardiac index (L/min/m?)" 
Up to 2 1 (796) 
2-2.9 11 (7396) 
3.0+ 3 (20%) 
Associated lesions 
Coronary artery disease 3 (11%) 
Idiopathic hypertrophic subaortic 1 (496) 
stenosis 
Severe aortic insufficiency 1 (4%) 


*Twenty-one patients underwent catheterization prior to 
operation. 
*Cardiac index was available for 15 patients. 


pressures in the ventricles are equal. However, 
infiltrative myocardial diseases, myocardio- 
pathies, and profound congestive heart failure 
can have these characteristic findings also. 

In the period reviewed, 21 of the 27 patients 
(78%) underwent catheterization before opera- 
ton (see Table 1). Marked elevations in the 
pulmonary artery systolic pressure were en- 
countered. In 7 patients (3396), it exceeded 40 
mm Hg; in 7 patients (3396), it was between 30 


and 39 mm Hg; and in 7 (33%), it was between 


20 and 29 mm Hg. 

The cardiac index was available for 15 of the 
patients undergoing cardiac catheterization 
(see Table 1). In only 3 patients (2096) was it 
above 3.0 L/min/m?. One patient (796) had a se- 
verely reduced value of less than 2.0 L/min/m*. 

Associated heart disease was encountered in 
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5 patients (1896) (see Table 1). Three patients 
had severe coronary artery disease; 1, findings 
consistent with mild idiopathic hypertrophic 
subaortic stenosis; and 1, severe aortic regur- 
gitation. 


Methods 

Three surgical incisions were employed to gain 
exposure: median sternotomy, left anterior lat- 
eral thoracotomy, and an extended bilateral 
thoracotomy. The degree of pericardial resec- 
tion became progressively more radical during 
the study period. This evolution and its re- 
lationship to the clinical outcome are impor- 
tant. Table 2 summarizes some pertinent as- 
pects of surgical technique. 


Radical Pericardiectomy 

Following exposure of the pericardium, it is in- 
spected visually and palpated to determine rel- 
atively soft and uncalcified areas. Characteristi- 
cally, these areas are located at the outflow tract 
of the right ventricle, along the diaphragm 
inferiorly, and lateral and inferior to the atri- 
oventricular groove. The proper identification 
of these areas is critical because it greatly 
simplifies initial dissection. Using optical mag- 
nification (four-power operating loupes) and 
a head lamp, the thickened pericardium is 
sharply incised until the parietal pericardium 
and underlving epicardial fat are located. This 
underlying fat often bulges through the small 


incision in the pericardium. Traction is then 
placed on the pericardium and the incision 
is widened. 

A cleavage plane between the thickened 
parietal and visceral pericardium is identified, 
through which dissection is carried out. Proper 
identification of this plane of dissection is es- 
sential since it represents the end result of an 
organized exudate in the pericardial cavity in- 
corporating parietal and visceral pericardium. 
This plane characteristically is avascular and 
superficial to the visceral pericardium. Dissec- 
tion that is carried out deeper to this plane 
penetrates the epicardium and can be attended 
by serious hemorrhage. 

The outer layers of the thickened parietal 
pericardium are often extensively calcified. 
When calcified spicules or plaques extend be- 
yond the parietal pericardium and penetrate the 
epicardium, they are readily divided with 
rongeurs or appropriate bone-cutting instru- 
ments. Serious bleeding can result if complete 
removal is attempted. 

Attempts to decorticate the left side of the 
heart are made first. If this proves difficult or 
hazardous, dissection is done in a more favor- 
able location. On the right side, the entire right 
atrium is liberated, including all the in- 
trapericardial portions of the superior and in- 
ferior venae cavae. Inferiorly, on the right side, 
the interatrial groove and pulmonary veins are 
exposed and decorticated. The phrenic nerve is 


Table 2. Characteristics of Surgical Incision Employed for Pericardiectomy in 27 Patients 








Median Left Bilateral 

Variable Sternotomy Thoracotomy Thoracotomy 
No. of patients 13 (48%) 7 (26%) 7 (26%) 
Degree of resection 

Limited 3 (23%) 2 (29%) 2s 

Radical 10 (77%) 5 (7196) 7 (10096) 
Days till discharge P 

Without CPB 13.6 20 29 

With CPB 25.8 
Postop complications 

Pulmonary (minor) T" 3 (43%) 2 (2996) 

Wound? 2 





“Two patients required exploration for tamponade following pericardiectomy. 


CPB = cardiopulmonary bypass. 
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skeletonized on a small pedicle of thickened 
pericardium and displaced laterally. This ma- 
neuver facilitates dissection in the region of the 
left atrium. Decortication on the right side is 
usually completed after the entire diaphragma- 
tic border of the heart has been freed. 

The left phrenic nerve is routinely identified 
and skeletonized as the remaining portion of 
the left ventricle is decorticated. The pericar- 
diectomy is continued posteriorly until the 
pulmonary veins are encountered and fully dis- 
sected. During dissection in this area, careful 
attention must be paid to changes in cardiac 
output secondary to traction and manipulation. 
At all times it is of paramount importance to 
remain in the avascular plane of dissection 
during this procedure. 

At the completion of this dissection, hemo- 
stasis is achieved carefully, and all areas are in- 
spected for completeness of decortication. Fol- 
lowing this radical pericardial resection, it is 
possible to elevate the entire heart from the 
pericardial cavity and inspect the atrioven- 
tricular groove and intrapericardial portion of 
the left pulmonary veins. 

The adequacy of pericardial resection can be 
gauged in the operating room by measuring the 


right atria mean pressure and ventricular 


end-diastolic pressures at the completion of 
pericardiectomy. This was done in 10 patients 
who recently underwent the radical resection 
just described. All but 1 showed prompt regres- 
sion to normal values. This response correlates 
with dramatic postoperative improvement 
characterized by massive diuresis and prompt 
resolution of disabling symptoms prior to hos- 
pital discharge. 


Surgical Incision and Degree of Resection 

The median sternotomy has become the most 
commonly employed approach. It was utilized 
in 13 patients (48%). Seven patients (26%) were 
operated on through a left thoracotomy and 7 
patients (2696) received a bilateral thoracotomy. 
All patients operated on through a bilateral 
thoracotomy underwent radical pericardiec- 
tomy, whereas a limited pericardial resection 
was done in 2 patients (2996) treated through a 
left thoracotomy. Extensive pericardial resec- 
tion was accomplished in 10 (7796) of the 13 


patients with a median sternotomy. In total, 22 
patients had a radical pericardiectomy and 5, a 
limited pericardiectomy. 


Results 

Hospital Stay 

Hospital stay was prolonged in those patients 
receiving a bilateral thoracotomy. They re- 
quired an average of 25 postoperative days in 
the hospital before discharge. Postoperative 
pulmonary complications developed in 2 of the 
7 patients in this group (2996). 

The median sternotomy approach was asso- 
ciated with the shortest hospitalization—13.6 
days. None of these patients had postoperative 
respiratory difficulty. Four patients were placed 
on cardiopulmonary bypass. One patient un- 
derwent aortic valve replacement for severe 
aortic regurgitation. The remaining 3 patients 
had moderate to severe coronary artery disease. 
None received bypass grafts. In this group of 4 
patients undergoing pericardiectomy with car- 
diopulmonary bypass, the postoperative hos- 
pitalization averaged 25.8 days. 

Two patients with a median sternotomy re- 
quired reexploration for cardiac tamponade. 
One had been on cardiopulmonary bypass be- 
cause of severe coronary artery disease, and the 
other received full heparinization for a sus- 
pected pulmonary embolus in the immediate 
postoperative period. 


Postoperative Deaths and Major Complications 
There was 1 postoperative death (496). This pa- 
tient died of low cardiac output 96 hours after 
undergoing a limited pericardial resection 
through a left anterior thoracotomy. 

Only 1 patient had a notable postoperative 
complication. He had been treated initially by a 
limited pericardial resection through a median 
sternotomy. Progressive signs of constrictive 
pericarditis reappeared postoperatively and 
necessitated excision of the remaining pericar- 
dium in the second postoperative month. After 
this, his recovery was complete. 


Long-Term Follow-up 
There have been no late cardiac deaths. Two 
patients died of neoplastic conditions after dis- 
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charge, leaving 24 patients available for 
follow-up evaluation. The mean follow-up was 
4 years (range, three months to 12 years). None 
of these patients had specific cardiac com- 
plaints or thought that their activities were in 
any way restricted. Interestingly, the 3 patients 
with moderate to severe coronary artery disease 
were experiencing only occasional angina on 
medical management. The patient who under- 
went combined aortic valve replacement and 
pericardiectomy returned to work and to vigor- 
ous recreational activity. 

Patterns and rates of recovery varied greatly. 
In some patients, an immediate response was 
evident following operation. Rapidly decreas- 
ing ascites, massive diuresis, and. dramatic 
weight loss (to 16 kg) were noted in several pa- 
tients in the immediate postoperative period 
following radical pericardial resection. All pa- 
tients with a prompt weight loss (recorded 
range, 7. to 16 kg) had been shown in the 
operating room to have significant reduction of 
the right atrial mean and ventricular end- 
diastolic.pressures to normal. In other patients 
treated by less radical pericardial resections, 
signs of improvement evolved more slowly fol- 
lowing discharge, and full recovery was not 
achieved for several weeks. - 


Comment 

Although chronic constrictive pericarditis: was 
described by Lower [13] in 1669, its presence is 
still not readily recognized. This elusiveness is 
due i in: part to its relative rarity and its ability to 
produce symptoms that are not always thought 
to. be cardiac in origin. Patients with this dis- 
ease are frequently diagnosed as having a pri- 
mary hepatic disorder, disseminated neoplastic 
disease, tuberculosis, portal vein obstruction, a 
cardiomyopathy, or a nutritional disturbance. 
As a result, cardiac catheterization and defini- 
tive diagnosis often are delayed. It is not sur- 
prising that the average interval from the onset 
of major symptoms to cardiac catheterization 
was 2.3 years in this series. With the greater 
availability of. echocardiography and the im- 
proved safety of cardiac catheterization, such 
delays should be minimized in the future. 


Sternotomy versus Thoracotomy Approach 

Glenn and Diethelm [8] reported that a suc- 
cessful resection of the pericardium for con- 
strictive pericarditis was carried out by Rehn 
and Sauerbruch in 1913 through a left anterior 
lateral thoracotomy incision. After this land- 
mark in the history of thoracic surgery, this in- 
cision remained the standard approach. It was 
used by Churchill [4], Beck and Griswald [2], 
Blalock and Burwell [3], Harrington and Barnes | 
[9], and Heuer and Stewart [10]. By 1946, a 
total of 256 patients undergoing operation by 
this approach had been reported in the litera- 
ture and were collectively reviewed by Heuer 
and Stewart [10]. 

In 1949, Holman and Willett [11] introduced 
and advocated the sternal splitting incision for 
pericardial resection. During the past three de- 
cades, reports by Glenn and Diethelm [8], and 
Cooley [5], Lazarides [12], and Dean [7] and 
their associates have indicated the growing 
enthusiasm for this approach. 

Our experience demonstrates the enhanced 
safety, decreased morbidity, and abbreviated 
hospitalization resulting from the sternotomy 
approach. Although the bilateral thoracotomy 
provides excellent exposure, its added mor- 
bidity in terms of hospitalization, associated 
complications, and patient discomfort are not 
warranted in the vast majority of patients. 
These factors appear to make its use rarely jus- 
tified. 


What Constitutes Adequate Resection? 

Reports show considerable speculation con- 
cerning the mechanism of delayed or incom- 
plete recovery following pericardiectomy. In 
1966, Portal and co-workers [15] reported that a 
number of patients retained elevated central 
venous pressures and enlarged livers following 
decortication. Delayed recovery has been at- 
tributed to myocardial atrophy during long 
periods of compression. 

Somerville [17] suggested that delayed im- 
provement and persisting symptoms of con- 
striction are most commonly the result of im- 
perfect or incomplete decortication. In this 
regard, convincing data provided by Lazarides 
and associates [12] are notable. They performed 
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postoperative catheterizations on 11 patients 
following radical resection of the pericardium. In 
10 patients, normal intracardiac pressures were 
found one month to 24/2 years after operation. 
This response following radical decortication is 
certainly most striking. 

Second operations for recurrent constrictive 
pericarditis following less radical resection are 
common. In 1962, Saidi and Scannell [16] per- 
formed four such procedures. Nine years later, 
Wychulis and associates [18] reported that 8 
patients required reoperation after incomplete 
decortication. Earlier reports attest to the un- 
predictable and variable pattern of constrictive 
pericarditis and lend support to thorough and 
radical decortication [1, 5, 14]. In the present 
series, 22 patients had radical decortication and 
all enjoyed prompt and sustained relief. Of the 
5 patients who underwent partial decortication, 
1 (20%) required reoperation for recurrent 
symptoms and 1 died of low cardiac output in 
the immediate postoperative period. 

The data indicate that adequate pericardiec- 
tomy involves resection of the entire pericar- 
dium from all surfaces of the heart and major 
intrapericardial vessels. Continuous intraoper- 
ative monitoring of arterial and venous pres- 
sures with indwelling catheters enhances the 
safety of this.operation. Frequent determina- 
tions of cardiac output by a thermodilution 
Swan-Ganz catheter have recently been routinely 
adopted during these procedures, thereby in- 
creasing the.safety during cardiac manipulation 
and traction. Awareness of the proper plane 
of dissection and its anatomical importance 
prevents serious intraoperative hemorrhage, 
which has been reported often in the past. 
When intraoperative monitoring and the de- 
. Scribed radical pericardial resection have been 
used, no instances of inadvertent cardiac in- 
jury, prolonged states of low cardiac output, or 
excessive postoperative bleeding have been en- 
countered. 


Role of Cardiopulmonary Bypass 

during Pericardiectomy | 

Elective and routine utilization of cardiopul- 
monary bypass during pericardiectomy was re- 


ported by Copeland and associates [6] in 1975. 
Their experience with 11 patients treated in this 
fashion was favorable. Nine patients under- 
went complete decortication, and 2 received a 
partial pericardial resection. Mean duration of 
bypass was sixty minutes, and 7 patients re- 
quired inotropic support postoperatively. 
There was one reoperation for hemostasis. The 
median amount of postoperative chest tube 
drainage was 1,201 ml. 

Cardiopulmonary bypass was utilized in 4 of 
our patients. One patient underwent aortic 
valve replacement, and the other 3 patients had 
coexistent diffuse coronary artery disease. The 
remaining 23 patients were operated on with- 
out the aid of bypass. These resections were 
safely carried out employing the guidelines for 
intraoperative monitoring and surgical tech- 
nique described here. Based on this experience, 
cardiopulmonary bypass is not a necessary ad- 
junct for radical pericardiectomy and should be 
employed only in special circumstances. 
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Percutaneous Intraaortic Balloon 
Pumping: Initial Clinical Experience 


David Bregman, M.D., and William J. Casarella, M.D. 


ABSTRACT A new intraaortic balloon is described 
that can be inserted percutaneously through a 12F 
sheath by the standard Seldinger technique. Inser- 
tion and removal are rapid, and the hemodynamics 
of balloon pumping are similar to our previous clini- 
cal experience with standard single- and dual- 
chambered intraaortic balloons. The initial clinical 
experience is detailed. 


Use of the intraaortic balloon pump (IABP) has 
become the supportive treatment of choice for 
management of refractory left ventricular power 
failure. More than 50,000 balloons have been 
inserted in humans [1-3]. As familiarity with 
the IABP has developed, use of the technique 
has expanded to the community hospital and to 
many clinical situations, both prophylactic and 
adjunctive, not originally anticipated for it. 
Intraaortic balloon insertion still requires a 
surgical cutdown, usually on the common 
femoral artery, with the attachment of a vascu- 
lar graft or other prosthesis, and the oversewing 
or removal of this prosthesis concurrent with 
balloon removal [3]. In this paper, we describe a 
new intraaortic balloon and the method of in- 
sertion and removal. We also discuss its initial 
clinical application and significance [6]. 


Material and Method 


The percutaneous intraaortic balloon manufac- 
tured by Datascope Corporation is used. The 
catheter section in the balloon membrane is re- 
placed by a straight wire. This allows the bal- 
loon membrane to be wrapped tightly around 
the wire and inserted through a 12F sheath (Fig 
1) The Seldinger technique is employed [5]. 
The common femoral artery is punctured per- 
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cutaneously, and the needle is replaced with a 
spring guide wire, 0.038 inch (0.96 mm) in 
diameter, with a J-tip. An 8F Teflon dilator and 
then a combination 12F dilator-sheath assem- 
bly are inserted over the guide wire. Ultimately 
only the 12F sheath is left in place within the 
artery [4]. The sheath can be digitally com- 
pressed above the skin line to minimize blood 
loss. Then the balloon (presently a 30 or 40 cc 
single-chamber 12F catheter) is wrapped and in- 
serted through the sheath to a position just be- 
low the left subclavian artery. The sheath and 
balloon catheter are snared with either umbilical 
tape or a heavy ligature, and the assembly is su- 
tured to the skin. The puncture site and sheath- 
balloon catheter assembly are then dressed. 
Roentgenography or fluoroscopy confirm the 
balloon position. When pumping commences, 
the balloon immediately unwraps and func- 
tions as a standard intraaortic balloon. The 
balloon and sheath are removed simultaneously 
at the appropriate time, and 30 minutes of ex- 
ternal pressure is applied to the insertion site 
with subsequent application of a compression 
dressing. 

The technique was evaluated in 5 dogs before 
its initial clinical application. In 1978, we used 
an early version of this balloon after cardiotomy 
in a young girl with a very small common 
femoral artery. A standard graft was employed, 
and insertion, pumping, and removal pro- 
ceeded without incident. We then employed 
the easy-insert balloon percutaneously in the 
clinical setting. In each patient, the total inser- 
tion time was less than 4 minutes. 


Patient 1 

A. 68-year-old man was admitted to the coro- 
nary care unit of the Columbia-Presbyterian 
Medical Center on February 20, 1979, with a 
small, anteroseptal myocardial infarct. Cardiac 
catheterization was performed on March 8, 
1979, and revealed severe triple-vessel coronary 
artery disease with an apical left ventricular an- 
eurysm. 


PS 
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Fig 1. (Top) Percutaneous balloon wrapped and passing 
through a 12F sheath. (Bottom) Inflated 30 cc single- 
chamber percutaneous intraaortic balloon, which has just 
been passed through a 12F sheath. 


On March 27, 1979, the patient underwent a 
triple aortocoronary saphenous vein bypass 
grafting procedure and plication of a left ven- 
tricular aneurysm. The initial postoperative 
course was uncomplicated, but a low cardiac 
output state developed along with deterioration 
of renal function. Inotropic support, including 
dobutamine and subsequently Isuprel (iso- 
proterenol), was initiated without a notable re- 
sponse. By the afternoon of the first postopera- 
tive day, the patient was anuric and profoundly 
hypotensive. At this time, a 30 cc percutaneous 
intraaortic balloon was inserted in the right 
common femoral artery in 31/2 minutes without 
incident (Fig 2). 

The patient's initial response to the balloon 
pump was excellent, and the pressor agents 
could be tapered. He remained on the intraaor- 
tic balloon pump for 60 hours. The balloon 
pump was removed by applying pressure to the 
right common femoral artery for 30 minutes; 
afterwards normal pulses were present in that 
extremity. Over the ensuing days the patient 
required peritoneal dialysis, and eventually 
renal function returned to normal. He made a 
slow but steady recovery, and on May 7, 41 
days after operation, the patient was dis- 
charged home. 


Patient 2 
A 48-year-old woman with a history of acute 
rheumatic fever in childhood, was admitted for 





/ 


/ 


Fig 2. Portable chest roentgenogram showing a per- 
cutaneously inserted 30 cc intraaortic balloon (arrows) 
in vivo. A nasogastric tube and a Swan-Ganz catheter 
are also present. (Inset) The actual inflated balloon- 
catheter assembly after it was removed from Patient 2. 


mitral valve replacement 25 years after mitral 
commissurotomy. On May 4, 1979, a heavily 
calcified mitral valve was replaced with a Han- 
cock porcine heterograft atrioventricular valve 
prosthesis. Postoperatively, there was difficulty 
in weaning the patient from the heart-lung 
machine. Finally this was accomplished with 
the use of inotropic support and afterload re- 
duction. During the next 36 hours, the patient 
was unstable in the recovery room and required 
increasing concentrations of inotropic agents, 
including dobutamine, dopamine, and Isuprel, 
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alone or in combination with nitroprusside. On 
the morning of the second postoperative day 
and after reintubation, the patient sustained a 
cardiac arrest from which she could not be re- 
suscitated with closed-chest cardiac massage. A 
30 cc percutaneous intraaortic balloon was in- 
serted in 34/2 minutes. 

Once balloon pumping commenced, the pa- 
tient responded promptly to a single, direct- 
current countershock, and sinus rhythm en- 
sued. All of the inotropic agents were tapered 
except for a combination of dobutamine and 
dopamine, which gradually was replaced with 
dopamine alone. The patient continued to have 
an excellent hemodynamic response to the bal- 
loon pump and on the fourth day after balloon 
insertion, the balloon was removed at the bed- 
side and pressure was applied to the right 
common femoral artery for 30 minutes. The pa- 
tient was noted to have good distal pulses in the 
balloon extremity. Thereafter, she made a slow 
but continuous recovery and was discharged on 
the twenty-second postoperative day. 


Comment 

The patients just described responded hemo- 
dynamically to the new intraaortic balloon in 
a classic manner [2]. In Patient 2, the proce- 
dure was lifesaving since the balloon was in- 
serted during closed-chest cardiac massage that 
was unresponsive to standard medical therapy. 
The implications to the field of emergency 
medicine are apparent. Both patients had nor- 
mal distal pulses in the balloon extremity after 
balloon removal, and there were no local 
wound complications. Since it is recognized 
that many problems could occur during either 
percutaneous insertion or removal of the bal- 
loon, a vascular or cardiovascular surgeon 
should always be available. Larger balloons and 
other balloon configurations are anticipated. In 
addition, other routes of insertion (e.g., axillary 
artery) should be possible. If problems develop 
during cardiac catheterization, the balloon can 
be inserted virtually in seconds in the catheteri- 
zation laboratory. 

Use of percutaneous intraaortic balloon 
pumping should broaden the application of 
balloon pumping in both the medical and the 
surgical setting. 
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Fig 3. Ten millimeter per second tracing of Patient 5 as- 
sisted with a 40 cc single-chambered intraaortic balloon 
percutaneously inserted. (EKG — electrocardiogram; 
RaP — radial artery pressure; assist — inclusion of 
systolic unloading, diastolic augmentation, and a fall in 
end-diastolic pressure with the intraaortic balloon 
pump.) 


Addendum 

Since the submission of this manuscript, 14 addi- 
tional patients have been assisted. The indications 
for balloon insertion included 11 patients in whom a 
balloon was inserted either in the coronary care unit 
or during cardiac catheterization: unstable angina, 2 
patients; septic shock, 1; postinfarction angina, 5; 
postinfarction angina with congestive heart failure, 1 
(Fig 3); and acute myocardial infarction. during 
catheterization, 2. Three additional patients required 
IABP for weaning from cardiopulmonary bypass. 
Thirteen of these 14 patients were discharged from 
the hospital. No compromise of distal pedal pulses or 
late wound complications occurred. 


References 


1. Bregman D: Mechanical support of the failing 
heart. Curr Prob Surg 13:Dec, 1976 

2. Bregman D: Cardiac assist devices, in Blades' Sur- 
gical Diseases of the Chest. Fourth edition. Edited 
by D Effler. St. Louis, Mosby, 1978, p 759 

3. Bregman D, Parodi EN, Haubert SM, et al: Uni- 
directional intra-aortic balloon pumping and 
counterpulsation during open heart surgery, in 
Mechanical Support of the Failing Heart and 
Lungs. Edited by D Bregman. New York, 
Appleton-Century-Crofts, 1977, p 17 

4. Desilets DT, Hoffman R: A new method of per- 
cutaneous catheterization. Radiology 85:147, 1965 

5. Seldinger SI: Catheter replacement of the needle 
in percutaneous arteriography: a new technique. 
Acta Radiol (Stockh) 39:368, 1953 

6. Subramanian VA, Goldstein JE, Gos TA, et al: 
Preliminary clinical experience with percutaneous 
intra-aortic balloon pumping. Circulation (in 
press) 


Pressure Breathing and Altered Fibrinolytic Activity 


Gerard A. McLoughlin, M.D., Jonah Mann 
and Herbert B. Hechtman, M.D. 


ABSTRACT Twenty-one anesthetized dogs were 
intubated. Euglobulin lysis times, expressed as units 
of fibrinolytic activity, were obtained in 10 dogs 
(Group 1). During spontaneous breathing, fibrino- 
lytic activity increased across the peripheral circu- 
lation from 3.2 + 0.6 units (mean + standard de- 
viation) in femoral artery blood to 4.5 + 0.9 in infra- 
renal vena cava blood (p < 0.01). It further increased 
after admixture with suprarenal vena cava blood to 
7.9 + 0.6 units (p < 0.001). Hepatic clearance reduced 
pulmonary artery fibrinolytic activity to 5.3 + 1.1 
units, but this level remained higher than in the 
femoral artery blood (p < 0.01), thereby indicating 
loss of fibrinolytic activity in the lungs. 

Positive inspiratory pressure (ZEEP,) (rate, 12; tidal 
volume, 15 ml per kilogram of body weight) in- 
creased fibrinolytic activity in femoral artery blood 
to 5.8 + 0.9, a value higher than in the blood in the 
pulmonary artery (p < 0.05). After application of 
end-expiratory pressure (15 cm H,O PEEP), fibrin- 
olytic activity in femoral artery blood rose to 8.5 + 
1.0, higher than during ZEEP, (p < 0.001), and re- 
turned to ZEEP, levels with removal of PEEP. Dur- 
ing the study, fibrinolytic activity in infrarenal vena 
cava blood increased along with that in femoral ar- 
tery blood (r = 0.67; p < 0.05) while fibrinolytic ac- 
tivity in pulmonary artery and suprarenal vena cava 
blood remained constant. This indicates a reciprocal 
relationship between the production of fibrino- 
lytic activity by the kidneys and lungs. Lung biopsy 
showed a 13.3% fall in saline extractable plasmino- 
gen activator during ZEEP, (p < 0.05) and a 37.9% 
fall after PEEP (p < 0.001). 

These results indicate that the lungs normally ex- 
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tract and perhaps store plasminogen activator, 
secreted in large part by the kidneys. Pressure 
breathing, particularly PEEP, causes the release 
of activator from the lungs with an increase in 
arterial and peripheral venous fibrinolytic activity. 


Pressure breathing is an important therapeutic 
modality used to support patients during oper- 
ative procedures and to treat respiratory failure. 
However, mechanical ventilation can alter met- 
abolic activities. For example, pressure breath- 
ing causes the release of prostaglandins and 
other substances into blood flowing through 
the lungs [6]. Recent evidence indicates that 
lung stretch during the application of positive 
end-expiratory pressure (PEEP) causes the pro- 
duction of a circulating negative inotropic agent 
[19], which is in part responsible for the reduc- 
tion in cardiac output associated with the use of 
PEEP [20]. 

Mechanical ventilation, anesthesia, and op- 
eration are associated with marked increases in 
fibrinolytic activity [21]. This study tests the 
hypothesis that pressure breathing itself is suf- 
ficient stimulus to alter the fibrinolytic system. 


Material and Methods 

Group 1 

Ten dogs fasted overnight and then weighing 
22 to 28 kg were anesthetized with pentobarbi- 
tal, 30 mg per kilogram of body weight, ad- 
ministered intravenously. They were intubated 
and allowed to breathe room air spontaneously. 
Body temperature was maintained at 38°C 
using external heat. 

A flow-directed 7F thermistor-tipped pul- 
monary artery catheter was placed using the 
right femoral vein. Its position was verified by a 
characteristic pulmonary artery pressure trace. 
Two small polyvinyl catheters were passed by 
way of the left femoral vein in such a manner 
that their tips resided in the suprarenal vena 
cava below the hepatic veins and in the infra- 
renal vena cava, respectively. The accuracy of 


E IN 
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catheter placement was validated at postmor- 
tem examination. A fourth catheter was ad- 
vanced into the descending aorta from the 
femoral artery. A slow infusion of saline solu- 
tion was used to maintain catheter patency. 
Heparin was not used. 

Four respiratory variables each of 30 minutes' 
duration were applied: (1) spontaneous breath- 
ing; (2) positive inspiratory pressure ventila- 
tion using 0 cm H;O end-expiratory pressure 
(ZEEP,); (3) 15 cm HO end-expiratory pressure 
(PEEP); and (4) removal of PEEP (ZEEP;). Dur- 
ing positive-pressure ventilation (variables 2, 3, 
and 4), an infusion of succinylcholine chloride, 
1.3 mg per minute, and pentobarbital, 2.5 mg 
per minute, was given. The tidal volume was 
adjusted to 15 ml per kilogram at a rate of 
twelve cycles per minute. 

Thirty minutes after the application of each 
variable, several studies were performed. 
Hemodynamic measurements included mean 
arterial, mean pulmonary artery, pulmonary 
artery wedge, and central venous pressures, 
done with Bentley Model 800 strain gauge 
transducers, and pulse and cardiac output by 
thermodilution. For blood gases and pH, arte- 
rial blood was analyzed using standard Clark 
and Severinghaus electrodes. 

LUNG TISSUE PLASMINOGEN ACTIVATOR ACTIV- 
Iry. An initial lung biopsy was taken immedi- 
ately after the initiation of ZEEP, through a 
small (3 to 4 cm) left thoracotomy. Subsequent 
lung biopsies through the same thoracotomy 
were obtained at 5- to 10-minute intervals from 
randomly selected sites of the left lung. Each 
biopsy weighed approximately 1 gm. All 
specimens were immediately immersed in liq- 
uid nitrogen and subsequently stored at —20°C. 
After approximately 24 hours, saline and po- 
tassium thiocyanate extracts were prepared 
according to the method of Albrechtsen [1]. Tis- 
sue plasminogen activator activity of the ex- 
tracts was determined by a modification of the 
technique of Moroz and Gilmore [28]. A group 
of iodine 125- labeled, fibrin-coated polystyrene 
tubes were prepared using the same batch of 
'°T-labeled fibrinogen and thrombin (Topasta- 
sin). Human plasminogen, 2.5 ug, was added 
to each tube followed by 0.5 ml of saline or 
thiocyanate lung extract. Each analysis was 


done in triplicate. The tubes were incubated at 
37°C for 24 hours, and the reaction was termi- 
nated by the addition of 0.1 ml of 1 M e- 
aminocaproic acid (Amicar). The contents of 
each tube were transferred to a fresh counting 
vial. The activity of the "*I was measured in a 
Packard 5110 gamma scintillation system and 
expressed as counts per gram of lung tissue. 
Control tubes were made up simply by adding 
0.5 ml of saline or thiocyanate without lung ex- 
tracts. Control counts were subtracted from the 
counts of lung extracts. The mean percentage 
variation of triplicate estimates was 2.6%. The 
activity of the lung extract at the start of ZEEP, 
was taken as 100%. Subsequent biopsy speci- 
mens were related to this activity. 

FIBRINOLYTIC STUDIES. Blood fibrinolytic 
activity was measured from euglobulin lysis 
times according to the method of Chakrabarti 
and associates [9]. Following a 30-minute appli- 
cation of each respiratory variable, blood was 
simultaneously drawn from four sites: aorta, 
infrarenal vena cava, suprarenal vena cava, and 
pulmonary artery. Preparation of the euglobu- 
lin fraction was started within 10 minutes of 
blood sampling. All estimates of euglobulin 
lysis times were performed in triplicate. The 
end point of lysis was taken as a macroscopic 
breakdown of clot. The maximum deviation of 
such triplicate tests was 11.1%. The results were 
converted into units of fibrinolytic activity by 
plotting the euglobulin lysis times in minutes 
against units of activity using a semilog scale 
[35]. Ten units were arbitrarily assigned to a 
lysis time of 30 minutes or less and one unit to a 
lysis time of 360 minutes or longer. 

Blood plasminogen was measured by a 
caseinolytic technique [2]. The results were ex- 
pressed in Sherry units [3]. Plasma fibrinogen 
was estimated by the gravimetric method of 
Hickman [11]. Fibrin and fibrinogen degrada- 
tion products were measured by the tanned red 
cell hemagglutination immunoassay of Mersky 
and co-workers using human antibody [26]. 


Group 2 

Eleven experiments were conducted to examine 
the possibility that the observed changes in fi- 
brinolytic activity were a consequence of tho- 
racotomy and lung biopsy. Eleven dogs that 
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had been fasted and then weighed 22 to 28 kg 
were anesthetized, paralyzed, intubated, and 
ventilated at 0 cm H,O end-expiratory pressure. 
Lung biopsy was not taken. Pulmonary artery 
and arterial catheters were inserted, and pa- 
tency was maintained with slow infusion of 
saline solution. Heparin was not used. Three 
respiratory variables, each of 30 minutes' dura- 
tion, were applied: (1) ZEEP,; (2) 15 cm H,O 
PEEP; and (3) removal of PEEP or ZEEP,. Thirty 
minutes after application of each variable, 
hemodynamics, blood gases, and pH were ob- 
tained. Blood fibrinolytic activity was assayed 
after each 30-minute interval by preparing 
euglobulin fractions from ethylenediamino- 
tetraacetate-treated plasma and then incubating 
with plasminogen-enriched '*°I-labeled, fi- 
brin-coated polystyrene tubes. The results are 
expressed as ng fibrin lysed and are a linear 
measure of total fibrinolytic activity, provid- 
ing that not more than 4096 of the available 
"I-labeled fibrin substrate is lysed [28]. In 
our assays the maximum amount of fibrin 
lysed was less than 2096. 

All statistical analysis was performed using 
the Student paired t test. Results are expressed 
as mean + one standard deviation. 


Results 
Group 1 
Application of 15 cm H,O end-expiratory pres- 
sure (PEEP) to animals on mechanical inspira- 


tory pressure ventilation (ZEEP,) led to charac- 
teristic hemodynamic changes similar to those 
reported previously [20]. Cardiac output de- 
creased 39% (p < 0.001) and mean arterial pres- 
sure declined 2296 (p « 0.001). There were in- 
creases in mean pulmonary artery (p « 0.001), 
pulmonary artery wedge (p < 0.01), and central 
venous pressures (p « 0.001) (Table 1). The 
baseline pulse rate of 165 was not altered sig- 
nificantly by PEEP. Thirty minutes after PEEP 
was removed (ZEEP;), the hemodynamic vari- 
ables had returned to baseline values except the 
mean arterial pressure, which remained slightly 
depressed (p « 0.05). 

During PEEP, partial pressure of arterial car- 
bon dioxide (PaCO;) rose by 4 mm Hg (p « 
0.01) (see Table 1). There was a small, insignifi- 
cant rise in partial pressure of arterial oxygen 
(PaO;). Removal of PEEP led to a return of 
PaCO, to baseline levels while PaO, fell 19 mm 
Hg (p « 0.05). Arterial pH was not significantly 
altered. 

LUNG TISSUE PLASMINOGEN ACTIVATOR. Ten 
minutes after institution of positive inspiratory 
pressure breathing or ZEEP,, saline extractable 
activator activity decreased 9.8% (p < 0.05) (Fig 
1, Table 2). This decrease is in reference to the 
amount of lung activator present immediately 
after pressure breathing was started, when the 
first lung biopsy was taken. Tissue activity re- 
mained moderately depressed during the 30 
minutes of ZEEP,. 


Table 1. Hemodynamics and Blood Gases during Pressure Breathing in Group 1? 


———————————————————————————————————————————————————————————— 


Variable ZEEP, 

CVP (mm Hg) 6.0 ct 1.8 
MPAP (mm Hg) 16.9 it 1.9 
PAWP (mm Hg) 6D £18 
MAP (mm Hg) 144 T9 
COIL mir’ 4.27 + 0.93 
PaO, (mm Hg) 86 t1 
PaCO, (mm Hg) 36 l3 
pH 7.33 = 0.05 


PEEP 


12.0 sk 2.8" o5 X 13 
45 = 22" 150 £t 17 
12,9 = 3 ne 5 L3 
1135 £12 io AL 

2.61 i 0.83" SA LI 
93 £2 74 +14" 
40 + 8 0 T5 

/.29 X; ' 0.09 /.92 2 0.10 


————————————————————————————————M—— 


“Results are expressed as mean + 1 standard deviation. 
"p < 0.001 comparing PEEP and ZEEP.. 

"s « 0.01. 

"p < 0.05 comparing ZEEP, and ZEEP,. 


ZEEP, = positive inspiratory pressure; PEEP = positive end-expiratory pressure; ZEEP, = positive inspiratory pressure 
after removal of PEEP; CVP = central venous pressure; MPAP = mean pulmonary artery pressure; PAWP = pulmonary 
artery wedge pressure; MAP = mean arterial pressure; CO = cardiac output; PaO, = partial pressure of arterial oxygen; 
PaCO, = partial pressure of arterial carbon dioxide. 


159 McLoughlin et al: Pressure Breathing and Altered Fibrinolytic Activity 


ZEEP, 


PEEP Z 


EEP, 






DECREASE IN PLASMINOGEN 
(%) 


ACTIVATOR CONTENT OF LUNG 


traversed the lungs (p < 0.01) (Fig 2). As a con- 
sequence of this pulmonary clearance, arterial 
blood had the lowest activity of all sampling 
sites. Fibrinolytic activity rose after blood had 
passed through peripheral capillary beds. Infra- 
renal vena cava blood had significantly more 
activity than arterial blood (p < 0.01) during 


SOM ee spontaneous breathing (Fig 3). The greatest in- 
C. i qo. ; ii crease in activity occurred in the suprarenal 
dpi: i T d vena cava after admixture with blood from the 

TIME (MINUTES) 


Fig 1. Positive inspiratory pressure ventilation with 

0 cm H,O (ZEEP,) led to a prompt and modest decline 
in saline extractable lung tissue plasminogen activator 
(p « 0.05). Application of 15 cm H,O positive end- 
expiratory pressure (PEEP) resulted in a more marked 
reduction in tissue activator (p « 0.001). Thirty min- 
utes after the removal of PEEP (ZEEP,;), tissue activator 
levels remained depressed. 


Application of PEEP led to a marked and 
prompt fall in lung tissue activator. After 5 
minutes, activity was 32.5% below baseline (p 
< 0.001) and after 10 minutes, 37.6% below 
baseline. Tissue activator activity then stabilized 
at these low levels. Thirty minutes after removal 
of PEEP (ZEEP;), tissue activity remained de- 
pressed. Thiocyanate extractable plasminogen 
activator levels (thought to be cell bound [5]) 
were unchanged throughout these ventilatory 
maneuvers (see Table 2). 

FIBRINOLYTIC STUDIES. Fibrinolytic activity 
(plasminogen activator) varied considerably in 
arterial and infrarenal vena cava blood as ven- 
tilatory patterns were altered from spontane- 
ous to pressure breathing and with the appli- 
cation of PEEP (Table 3). During spontaneous 
breathing, fibrinolytic activity fell as blood 


Table 2. Pressure Breathing and Percent Reduction 


renal veins (p « 0.001) (Fig 4). 

During mechanical ventilation (ZEEP,), the 
lungs began excreting activator into the blood 
(see Fig 2). Arterial fibrinolytic activity ex- 
ceeded levels in mixed venous blood (p « 0.05) 
and exceeded arterial levels during spontane- 
ous breathing (p « 0.001). This phenomenon of 
pulmonary activator excretion became much 
more pronounced with PEEP (p « 0.001). Fur- 
ther, arterial levels were higher than during 
ZEEP, (p « 0.001). Thirty minutes after removal 
of PEEP, arterial fibrinolytic activity fell toward 
ZEEP, levels. 

Peripheral venous or infrarenal vena cava fi- 
brinolytic activity was not related to arterial ac- 
tivity (r = 0.15; p > 0.1) during spontaneous 
ventilation. However, during pressure breath- 
ing (ZEEP,), arterial activity was a major de- 
terminant of peripheral venous activity (r — 
0.67; p « 0.05) (Fig 5). Further, during PEEP, a 
significant relationship was found between the 
increase in arterial and venous fibrinolytic ac- 
tivity (r = 0.67; p « 0.05). Fibrinolytic activity 
in the suprarenal vena cava and in the pulmo- 
nary artery was relatively stable throughout the 
experiment. 

There were no significant changes in fibrino- 


in Lung Tissue Activator in Group 1? 








Lung Tissue ZEEP, PEEP ZEEP, 

Plasminogen 

Activator 10 min 15min 20min 30min 5min 10min 15min 20min 30min 30 min 

Thiocyanate 0.8 + Iig QOIS 0.9 £ D6$ 09 t 0.7 £ if = ISt 1934 
extract 0.4 0.5 0.2 0.4 0.1 0.4 0.1 0.5 0.5 0.4 

Saline 98°+ Uat 9.8°2 BP 32.54 37.6 <= 38.4 Pra 379^ 390° + 
extract 6.5 7.3 8.7 FE 9.9 14.3 15.8 10.8 8.4 10.0 


“Results are mean + 1 standard deviation. 
dp < 0.05 compared with baseline or 100% activity. 
^p < 0.001 compared with baseline or 100% activity. 


Abbreviations same as for Table 1. 
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Table 3. Fibrinolytic Activity in Blood during Different Ventilatory Patterns in Group 1? 


——————————————————9———— 


Spontaneous to Pressure Breathing 
——————— PENNE re A Áo 00 DEOR 








Spontaneous Breathing ZEEP, 
Activity 
Measured A PA SRC IRC A PA SRC IRC 
———————  — P — € 
Fibrinolytic^ 94 E Do i 79 4.5 * 5.8 + 4.9 + Ko Xx 5.4 + 
activity (FAU) 0.6 1.1 0.6 0.9 0.9 0.8 0.7 0.7 
Fibrinogen Do £ 12 t 3109 + Vhs 1 EM vum IM 
(mg : ml?) 20 42 22 19 34 40 22 27 
Plasminogen s ies 33 £ 3.5 2 3.4 + 4.0 + 3.6 + 3.7 X 3.9 = 
(units : ml !) 1.0 0.6 0.8 0.9 0.9 0.8 0.9 0.8 
FDP (mg : ml ?) 4.2 + 4.7 + 4.3 + 3.9 + 3.3 X 4.2 Ł 302 4.0 t 
2.1 2.9 2,9 1.3 1.5 1.5 2.4 24 





Results are given as mean + 1 standard deviation. 
"Significant differences are discussed in the text. 


A = aorta; PA = pulmonary artery; SRC = suprarenal cava; IRC = infrarenal cava; FAU = fibrinolytic activity units; FDP = 
fibrinogen and fibrin degradation products; other abbreviations same as for Table 1. 


10.0 p«0.001 p<0,05 p<0,001  p«0.001 
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Fig 2. During spontaneous ventilation, the lungs re- 
moved fibrinolytic activity (FA). Positive inspiratory 
pressure breathing (ZEEP, and ZEEP») and particularly 
positive end-expiratory pressure breathing (PEEP) re- 
sulted in the pulmonary secretion of plasminogen ac- 
tivator into blood. Probability relates to differences be- 
tween fibrinolytic activity in aortic and pulmonary artery 
blood. (SD = standard deviation.) 


gen, plasminogen or fibrinogen-fibrin degrada- 
tion products during application of pressure 
breathing or PEEP (see Table 3). 


Group 2 

Application of 15 cm H;O end-expiratory pres- 
sure (PEEP) to animals in Group 2 led to 
hemodynamic changes similar to those in 


p<0.01 p»0.2 p<0,01 p>0,05 
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Spontaneous ZEEP, PEEP ZEEP, 


Fig 3. During spontaneous breathing, peripheral tissues 
secreted plasminogen activator into blood, resulting in 
greater fibrinolytic activity (FA) in blood in the infra- 
renal vena cava compared with arterial blood. During 
positive inspiratory pressure (ZEEP, and ZEEP»), ac- 
tivator was no longer added to blood traversing the 
periphery, whereas during positive end-expiratory pres- 
sure (PEEP) the periphery began clearing plasminogen 
activator. Probability relates to differences between 
fibrinolytic activity in aortic and infrarenal vena cava 
blood. (SD = standard deviation.) 


Group 1. Cardiac output decreased 42.9% (p < 
0.001) and mean arterial pressure declined 9.3% 
(p < 0.01) (Table 4). Mean pulmonary artery, 
pulmonary artery wedge, and central venous 
pressures rose (p < 0.001). Thirty minutes after 
removal of PEEP (ZEEP), hemodynamics re- 
turned to baseline values. During PEEP, 
PaCO,, PaO,, and arterial pH remained un- 
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AE UE ie 
Application and Removal of PEEP 


PEEP ZEEP, 
unm ce E iaa OEE Mp E 
A PA SRC IRC A PA SRC IRC 
8.54 5.6 = 8.0 + fe © 7.0 X <a Be 1.6 = 6.5 = 
1.0 0.5 0.8 0.3 0.5 0.5 0.7 0.5 
Im 191... X L.X ve =< JM. = 184 + 189. = 183 =< 
40 52 21 45 45 32 47 50 
KS = P. 3.2 = 3,5 123 3,8 = 9.9 = 3.4 3 
1.0 0.6 0.7 1.0 0.8 0.6 0.8 0.5 
2T Ou x P e A5 3.4 c 3.8 X 3 2 4.0 c 
1.9 1.6 1.7 2.5 1.9 1.9 2.4 2.4 
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Spontaneous ZEER, PEEP ZEEP, Sa bd 
FIBRINOLYTIC ACTIVITY OF AORTIC BLOOD, ZEEP 
Fig 4. The addition of plasminogen activator in renal (FA UNITS) ; 
blood caused fibrinolytic activity (FA) of the suprarenal 
vena cava to exceed that of the infrarenal vena cava. Fig 5. The fibrinolytic activity (FA) of the peripheral or 
During positive inspiratory pressure breathing (ZEEP, infrarenal vena cava blood was determined in part by 
and ZEEP,) and particularly during positive end- activity in arterial blood during positive inspiratory 


expiratory pressure (PEEP), the renal contribution of pressure breathing (ZEEP.). 
activator decreased. Probability relates to differences in 
fibrinolytic activity between the two sampling sites. 


Table 4. Hemodynamics and Blood Gases during Pressure Breathing in Group 2° 


aa á——— —— ———— — 


Variable ZEEP, PEEP ZEEP, 
CVP (mm Hg) 3B t 25 8.5 + 2.0° 4.5 +2.3 
MPAP (mm Hg) 16.52 3.2 237. 442° 16.0 +2.9 
PAWP (mm Hg) a Rs as Be 1.2 205° 6.1, X 1,6 
MAP (mm Hg) 140 +10 127 +7 132 á £6 
CO (L : min ) Ah LM 2.13 + 0.88^ 3.42 + 1.07 
| PaO, (mm Hg) "T" =< oO 4. £6 96. £7 
' PaCO, (mm Hg) m Vu Y 3 £23 "m +2 
pH 7.36 + 0.07 7.34 + 0.09 7.39 £ 0.03 


Z a — ——— a ———  ——————————— 


4Results are mean + 1 standard deviation. 
"p < 0.001 comparing PEEP and ZEEP,. 

*p « 0.01. 

4p < 0.05 comparing ZEEP, and ZEEP;. 


Abbreviations same as for Table 1. 
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Table 5. Fibrinolytic Activity in Blood during Different Ventilatory Patterns in Group 2 


————————————  M—ÀÓÁ 


ZEEF. PEEP ZEEP, 
Fibrin Lysed (ng) PA A PA A PA A 
ne en a P 
Mean 92.4 167.92 113.4 238.0? ^ 63.5 154.32 
Standard deviation 32.2 59.9 43.4 50.1 11.2 34.8 


“p < 0.001 comparing arterial with pulmonary artery fibrinolytic activity. 


^p < 0.001 comparing PEEP with ZEEP, and ZEEP.. 
Abbreviations same as for Table 1. 


changed from ZEEP, levels. Removal of PEEP 
did not alter these values. 

During mechanical ventilation (ZEEP,), arte- 
rial fibrinolytic activity exceeded that in mixed 
venous blood (p « 0.001), which indicated se- 
cretion by the lungs (Table 5). This difference 
was accentuated during PEEP (p < 0.001). 
Thirty minutes following removal of PEEP 
(ZEEP,), pulmonary artery and arterial fi- 
brinolytic activity fell toward ZEEP, levels. 


Comment 
Altered fibrinolysis occurs with a variety of 
stimuli. However, reliable methods to deter- 
mine fibrinolysis or at least measure the pres- 
ence of activated fibrinolytic enzymes in blood 
have become available only recently. Three 
methods are commonly in use today: the fibrin 
plate technique [7], euglobulin lysis time [9], 
and lysis of solid-phase '*°I-labeled fibrin [28]. 
The two methods utilized in this study have 
been shown to be sensitive, accurate, and re- 
producible. Both measure fibrinolytic activity 
in euglobulin fractions prepared from plasma 
by acidification at a pH of 5.4. This fraction is 
believed to measure blood plasminogen ac- 
tivator activity since the euglobulin fraction 
contains nearly all the plasminogen and all the 
plasminogen activator of the parent plasma 
[15]. Plasmin inhibitors are excluded by acidifi- 
cation (they remain in the supernatant) and 
therefore do not influence the measured activity 
[15]. The levels of activity obtained in this study 
in response to pressure breathing are similar to 
levels of activity reported with exercise, stress, 
surgical trauma, and infusion of pyrogen using 
similar assay techniques [21, 34, 36]. 

In the normal anesthetized dog, the prepon- 
derance of fibrinolytic activity is in venous 


blood. As arterial blood passes through the pe- 
ripheral capillary beds, activator activity rises 
(see Fig 3). The lack of a relationship between 
arterial and infrarenal vena cava activity sup- 
ports the view that activator synthesis and re- 
lease in the periphery are functions usually not 
regulated by arterial levels of plasminogen ac- 
tivator [24, 27, 32]. 

The kidneys, particularly the medulla, are 
known to be active producers and secretors of 
plasminogen activator [4, 31]. This accounts for 
the major rise in fibrinolytic activity in supra- 
renal vena cava blood (see Fig 4). It is likely that 
the reduction in activity during passage of 
blood from the suprarenal vena cava to the 
pulmonary artery represents in part the effects 
of admixture of hepatic venous blood. The liver 
is capable of clearing blood of plasminogen ac- 
tivator [16, 23, 30]. In addition to hepatic clear- 
ance, it is probable that activator concentration 
in superior vena cava blood is low and similar 
to infrarenal vena cava blood [30]. Therefore, 
the decrement in pulmonary artery fibrinolytic 
activity is consistent with both hepatic clear- 
ance and admixture with low activity in blood 
in the upper torso. 

The observation that the lungs clear circulat- 
ing plasminogen activator during spontaneous 
ventilation (see Fig 2) has been reported previ- 
ously [25]. Further, the clearance of fibrinolytic 
activity in the lesser circulation is related to the 
lungs and not the major blood vessels or cardiac 
chambers. It is thought that the pulmonary 
capillary endothelium is the major site of re- 
moval because of its extensive surface area. 
This metabolic activity accounts for the low 
levels of activator in arterial blood. The lungs 
not only remove circulating activator, but nor- 
mally maintain a store of tissue activator (see 


— 0- 
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Fig 1). It is unknown whether this tissue ac- 
tivator is normally derived by extraction of ac- 
tivator from blood or whether it is synthesized 
by the lungs de novo. The lungs stand in con- 
trast to the liver. Despite very active hepatic 
clearance, there are no liver stores of plasmino- 
gen activator, which implies that this organ 
provides a purely catabolic function. 

During pressure breathing at 0 cm H:O, 
end-expiratory pressure (ZEEP,), lung tissue 
activator concentration fell (see Fig 1), coinci- 
dent with a rise in activator concentration of 
arterial blood (see Fig 2). When PEEP was 
applied, there was a further decrement in lung 
tissue activator content while a larger amount of 
activator appeared in arterial blood. It is possi- 
ble that the rapid decline in tissue activator 
immediately after the initiation of ZEEP, or 
PEEP was due to a large outpouring of activator 
into blood. Blood measurements, however, 
were not conducted at these periods. By the end 
of 30 minutes, tissue activator levels had 
reached a steady state. Despite the failure to 
continue to secrete more stored tissue activator, 
levels of arterial blood activator remained ele- 
vated. This strongly suggests active production 
and not simply a secretory process. The re- 
sponse to pressure breathing was not secondary 
to open thoracotomy or lung biopsy since qual- 
itatively similar results were obtained when 
lung biopsy and thoracotomy were omitted. 

Pressure breathing and PEEP may stimulate 
the pulmonary release of plasminogen activator 
either by local lung pressure or stretch. Our 
data do not resolve the issue. Lung stretch itself 
has previously been shown to alter pulmonary 
metabolic activity and cause the release of a cir- 
culating negative inotropic agent [19]. Other 
metabolic events occur during pressure breath- 
ing. For example, prostaglandin E; is secreted 
by the lungs [6]. It is of interest that adminis- 
tration of PGE, will produce a rise in peripheral 
venous plasminogen activator [12]. 

Indirect effects of pressure breathing on the 
fibrinolytic system can be mediated by changes 
in cardiac output. Surprisingly, when pressure 
breathing was applied (ZEEP,), those animals 
that had the greatest increase in arterial ac- 
tivator activity had the highest cardiac output (r 
— 0.91; p « 0.001). It is possible that the animals 


with high cardiac output had the most uniform 
lung perfusion and therefore exposed the 
largest capillary endothelial surface area. How- 
ever, it is unlikely that such considerations can 
explain conversion of the lung from a state of 
catabolism to one of anabolism. Further, the 
greater secretion of activator during PEEP, 
when cardiac output fell, is probably unrelated 
to the distribution of pulmonary blood flow. 

The fact that fibrinolytic activity in the supra- 
renal vena cava remained constant during pres- 
sure breathing, despite changing infrarenal 
vena cava levels (see Fig 4), implies that the 
renal production of plasminogen activator was 
inversely related to the amount in peripheral 
venous blood. This renal modulation of ac- 
tivator production may be related to a redis- 
tribution of blood flow away from the medulla 
secondary to pressure breathing. PEEP has 
been shown to induce this type of flow redis- 
tribution in dogs [18]. Other evidence points to 
a relationship between the fibrinolytic activity 
of the lungs and kidneys. Thus, in chronic renal 
failure, the normal systemic arteriovenous dif- 
ference in activator content is not present [13, 
22, 33]. In addition, lung tissue activator levels 
are low [17]. 

The stimulus for the increase in arterial and 
peripheral venous activator concentrations did 
not appear to be intravascular coagulation. 
There was no reduction in fibrinogen levels and 
even though platelet counts and other indices of 
intravascular coagulation were not measured, it 
appears unlikely that simple pressure breathing 
will induce a coagulopathy. 

There is no evidence that the elevated levels 
of plasminogen activator resulted in either fi- 
brinogenolysis or fibrinolysis. Plasma fibrinogen 
and plasminogen levels were unchanged, and 
there was no increase in fibrinogen-fibrin de- 
gradation products. Normally, a large excess of 
antiactivator produced by both the liver [14, 29] 
and lungs [5] is present in blood. In preparing 
the euglobulin fraction these inhibitors are re- 
moved. In vivo activity requires dissociation of 
the activator-antiactivator complex, and this oc- 
curs only on a solid phase such as polymerized 
fibrin [10]. 

This study indicates that in normal animals, 
pressure breathing and particularly PEEP will 
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alter the activity and distribution of circulating 
plasminogen activator. This is a consequence of 
changes in the clearance and secretion of ac- 
tivator by several tissues and organs. In this 
setting, increased activator concentration ap- 
pears to be of no consequence. However, in 
pathological states, pressure breathing and ac- 
tivator production may be of importance. Evi- 
dence has been obtained following hydro- 
chloric acid-induced aspiration pneumonia in 
dogs that indicates that pressure breathing 
will decrease the incidence of pulmonary vas- 
cular obstruction secondary to thrombosis [8]. 
Other clinical events such as tissue ischemia, 
trauma, and sepsis may stimulate intravascular 
coagulation. Such events typically occur in pa- 
tients who require mechanical ventilation. The 
consequences of increased fibrinolytic activity 
in this setting remain to be defined. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 
will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration for 1981 is Au- 
gust 1, 1980. The exact times and places of these 
examinations will be announced later. 


A candidate applying for admission to the 
1981 certifying examination must fulfill all the 
requirements for the Board in force at the time 
the application is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


CASE REPORTS 


Pulmonary Mucormycosis 


(Phycomycetes) Successfully Treated by Resection 


Ruel N. Wright, M.D., Amarkanth Saxena, M.D., Arnold Robin, M.D., 


and Paul A. Thomas, M.D. 


ABSTRACT Pulmonary mucormycosis (Phycomy- 
cetes) is an uncommon fungus infection complicat- 
ing diabetes mellitus, leukemia, lymphoma, and 
other debilitating diseases. A review of the literature 
revealed that of 21 diabetic patients in whom 
Phycomycetes occurred without underlying malig- 
nancy, only 7 survived. These 7 underwent opera- 
tion. This report concerns another patient with pul- 
monary mucormycosis who was successfully treated 
by pulmonary resection. 


Fungi of the class Phycomycetes are ubiquitous 
in nature, generally are considered saprophytic, 
and are not pathogenic in man. However, in a 
compromised host, the genera Mucor and 
Rhizopus have caused serious and frequently 
fatal infection. The common sites of invasion 
are the paranasal sinuses and cerebral venous 
structures [1, 22], although involvement of vir- 
tually every organ system has been reported [4, 
24]. The fungus has a predilection for vascular 
structures, and thrombosis of vessels in in- 
volved areas is almost universal [3, 6, 18, 25. 
33]. Although pulmonary involvement with 
Phycomycetes has been reported infrequently, 
it is now recognized more often, especially in 
patients with leukemia, lymphoma, and dia- 
betes. Our review of the literature has disclosed 
only 21 reported cases of pulmonary mucor- 
mycosis without malignancy occurring in dia- 
betic patients [3, 7, 10-15, 20-22, 26, 27, 29, 32, 
33]. Of these 21 patients, 7 were treated by sur- 
gical resection and survived [7, 10—12, 15, 27]. 
This study reports another patient successfully 
treated by pulmonary resection. 


A 55-year-old man was seen at the West Side 
Veterans Administration Medical Center. Chest 
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roentgenogram was abnormal. Adult onset of 
diabetes had been controlled for 6 years by diet 
and chlorpropamide, although insulin had 
been required 3 years prior to admission. Two 
years before admission, he was seen at another 
institution with complaints of joint pain and 
stiffness involving both large and small joints. 
Findings included generalized thickening and 
tautness of the skin. A chest roentgenogram re- 
vealed a diffuse reticulonodular infiltrate bilat- 
erally. Clinical investigation disclosed a pe- 
ripheral blood eosinophilia of 1,872 cells/mm?. 
A skin biopsy was interpreted as consistent 
with scleroderma, and treatment with predni- 
sone, 30 mg twice daily, was begun. This dos- 
age was reduced to a level of 10 mg every alter- 
nate day by the third month of therapy. 

At the time of admission to our institution, 
physical findings were unremarkable except for 
the skin changes, increased anteroposterior 
diameter of the thoracic cage, bibasilar rales, 
and clubbing of the fingers. Admission labora- 
tory data included the following: hemoglobin, 
16.5 gm per 100 ml; leukocyte count, 12,000/ 
mm?; blood glucose, 245 mg per 100 ml; normal 
serum electrolytes; and normal liver profile. 
Chest roentgenogram showed the previously 
noted reticulonodular pattern of interstitial dis- 
ease as well as a left upper lobe mass (Fig 1). 
Tomograms revealed cavitation of this lesion 
(Fig 2). Sputum was negative for acid-fast 
bacilli and fungi, bacterial cultures grew only 
normal oral flora, and cytological findings were 
Class II. Arterial blood oxygen concentration 
was 63 torr, reflecting mild hypoxia. Pulmonary 
function tests were consistent with restrictive 
disease. Fiberoptic bronchoscopy revealed no 
endobronchial lesions, and transbronchial bi- 
opsy showed only chronic inflammation with- 
out evidence of malignancy. 

Because of the undiagnosed pulmonary le- 
sion and presumption of malignancy, a left 
thoracotomy was performed, and an indurated 
apicoposterior segment was removed. A 4 to 5 
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Fig 1. Chest roentgenogram showing the diffuse re- 
ticulonodular infiltrate and left upper lobe mass. 





Fig 2. Tomogram of the left upper lobe mass revealing 
cavitation. 


cm cavity containing purulent material was 
noted on gross examination. Histological ex- 
amination revealed the broad, branching, non- 
septate hyphae and thrombosis of pulmonary 
vessels consistent with mucormycosis (Fig 3). 
Fungal cultures failed to grow the species. 





Fig 3. Mucormycotic hyphae in pulmonary tissue. 
(Gomori silver methanamine; original magnification 
x1,000.) 


The patient recovered from the operation 
without incident and continued to be in good 
health when seen nine months later. Chemo- 
therapy with amphotericin B was not recom- 
mended since there was no sign of residual in- 
fection. 


Comment 
The association of Phycomycetes and the de- 
bilitated or immunologically compromised host 
has been well documented [1—5, 8, 16, 18, 22, 
24, 25, 27, 32]. More than two-thirds of the re- 
ported cases of pulmonary mucormycosis with- 
out dissemination have occurred in patients 
with leukemia or lymphoma while nearly 
one-fourth have occurred in diabetic patients 
[4, 24, 28]. Pulmonary infection with the fungus 
has also been associated with agammaglob- 
ulinemia, renal failure, solid tumors, and a 
regimen of corticosteroids for nonneoplastic 
disease [4-6, 19-21, 30-32]. Of 69 patients re- 
viewed by Bartrum and co-workers [6], the 
most common predisposing condition was leu- 
kemia (36 patients). Diabetes mellitus was 
found in 14, Hodgkin's disease in 2, and severe 
uremia in 2. 

Our patient had a 6-year history of adult 
onset of diabetes mellitus treated by diet and by 
hypoglycemic agents administered orally. In- 
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Table 1. Patients with Pulmonary Mucormycosis Who Underwent Surgical Treatment 
eee 


Patient Age 
No. Author (yr) 
1 Murphy and Bernstein [27], 1950 40 
2 Dillon et al [12], 1958 20 
3 Blankenberg and Verhoeff [7], 1959 23 
4 | 2 
;| Dillon and Sealy [11], 1962 | : 
6 Gale and Kleitsch [15], 1972 48 
ti Cohen et al [10], 1977 52 

8 Wright et al [this report] 55 


Sex Involvement and Treatment 


Nodule LUL; wedge resection 

Abscess RLL; bilobectomy RML, RLL 
Abscess RLL; bilobectomy RML, RLL 
Abscess RML, RLL; bilobectomy RML, RLL 
Consolidation RML; lobectomy RML 
Solitary nodule RML; segmentectomy 
Fungus ball; LUL lobectomy 

Abscess LUL; segmentectomy 


LUL = left upper lobe; RLL = right lower lobe; RML = right middle lobe. 


Table 2. Patients with Pulmonary Mucormycosis Who Received Medical Treatment 
€ € —— rr 


Patient 
No. 


Age 


Author (yr) 


Sex 


Involvement and Treatment 


———————————————————————————————————————————— 


1 Medoff and Kobayashi [23], 1972 63 
2 Bogard [9], 1972 12 
3 Hauch [17], 1977 65 


RUL - right upper lobe. 


sulin was required transiently during predni- 
sone therapy, but there were no episodes of 
acidosis or coma. At the time of diagnosis, no 
underlying hematological abnormalities were 
detected, although the patient had received 
prednisone doses as high as 60 mg daily. In 
addition, the pulmonary abnormality that was 
assumed to represent scleroderma may have 
contributed to his susceptibility. 

Including the present patient, only 8 of 22 
reported patients with pulmonary mucor- 
mycosis and diabetes have survived. All sur- 
viving patients were treated by pulmonary re- 
section (Table 1). The indications for operation 
included suspected malignancy (Patients 1, 6, 
8), unresolved pneumonia with abscess forma- 
tion (Patients 2, 3, 4, 5), and fungus ball (Patient 
7). A preoperative diagnosis of mucormycosis 
was established in Patients 2, 4, 7. The post- 
operative course was uneventful in 7 patients 
but was complicated by bronchopleural fistula, 
which required two months to close, in Patient 
5. The diagnosis was established or confirmed 
by microscopic identification of the fungus in 
tissue sections stained with Gomori silver 
methanamine. Cultures were reportedly posi- 
tive in only 1 patient. 


M RUL pneumonia; amphotericin B (1.2 gm) 
M Bilateral pneumonia; amphotericin B (570 mg) 
M RUL pneumonia; amphotericin B (2.1 gm) 


Nonoperative treatment has been used with 
success in only 3 reported patients (Table 2). 
These patients had either lymphocytic leukemia 
(Patients 1, 2) or agammaglobulinemia (Patient 
3). Pulmonary infiltrates that failed to resolve 
with antibiotics prompted a lung biopsy to 
establish a causative diagnosis. Histology dem- 
onstrated characteristic broad, nonseptate, 
branching hyphae and thrombosis of pulmo- 
nary vessels consistent with mucormycosis. 
The fungus was subsequently cultured from 
sputum in 1 patient (Patient 2). These infections 
resolved during treatment with amphotericin B. 
Although surgical extirpation of the involved 
lung was not performed, successful outcome 
was influenced by the aggressive pursuit of a 
causative diagnosis and prompt administration 
of specific therapy. Other patients treated 
nonoperatively have experienced lethal compli- 
cations including massive hemoptysis and 
thoracic empyema [21, 28, 29, 34]. 

The apparent high mortality reported for 
pulmonary mucormycosis relates in part to the 
failure to make causative diagnosis before 
death. Phycomycetes are difficult to culture; 
therefore, definitive diagnosis most often de- 
pends on histological demonstration of charac- 
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Taussig-Bing Anomaly: Total Repair 
with Closure of Ventricular Septal Defect 
Through the Pulmonary Artery 


Gianmaria Ottino, M.D., John D. Kugler, M.D., 
Dan G. McNamara, M.D., and Grady L. Hallman, M.D. 


ABSTRACT Total surgical repair of a Taussig-Bing 
malformation in an 8-year-old boy was accom- 
plished successfully after previous palliative proce- 
dures. The child had undergone a Rashkind septos- 
tomy when he was 10 days old, banding of the 
pulmonary artery and division of a patent ductus 
arteriosus when he was 2 weeks old, and a Blalock- 
Hanlon septectomy when he was 1 year old. Com- 
plete repair involved patching the ventricular septal 
defect (VSD), debanding and patching the pulmo- 
nary artery, and rerouting the venous return by per- 
forming a Mustard procedure. Because of its high 
location, the VSD could not be reached properly 
through the tricuspid valve and was approached 
through the pulmonary arteriotomy. Excellent expo- 
sure was obtained by retracting the pulmonary 
valve, and patch closure of the defect was achieved 
without difficulties. We believe this approach to the 
VSD is preferable because no incision is necessary in 
the right ventricle. This is important since the right 
ventricle becomes the systemic ventricle after the 
Mustard operation. 


The Taussig-Bing malformation, a form of 
transposition of the great arteries (TGA), is 
characterized by p-transposition of the great 
arteries (D-TGA), a bilateral conus, and a sub- 
pulmonary ventricular septal defect (VSD) [17]. 
The anomaly can be considered an intermediate 
condition in a spectrum of malformations, the 
extremes of which are double-outlet right ven- 
tricle (type II) and TGA with VSD. It is an un- 
common congenital heart lesion, and there are 
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few reports of successful complete repair [1, 7, 
10, 16, 20]. 

Although 7 patients have had palliative oper- 
ations in our institute for the Taussig-Bing 
anomaly since 1959, only 1 of them, an 8-year- 
old boy, recently underwent successful total re- 
pair consisting of closure of the VSD through 
the main pulmonary artery, pulmonary artery 
debanding, and a Mustard procedure. 


A 3-day-old male infant was referred to our 
hospital because of cyanosis and feeding 
difficulties since birth. When he was 10 days 
old, cardiac catheterization revealed p-TGA, a 
VSD, a patent ductus arteriosus (PDA), and 
pulmonary hypertension. The condition of the 
patient was improved with a Rashkind balloon 
atrial septostomy. On March 10, 1970, when the 
patient was 2 weeks old, the main pulmonary 
artery was banded [13] and the PDA divided. 
Despite treatment with digoxin and furose- 
mide, symptoms of congestive heart failure 
continued. The infant did not eat well, and 
a gastrostomy tube was implanted for the first 
year of life. 

Cardiac catheterization was repeated when 
the boy was 1 year old and demonstrated an 
effective pulmonary artery banding. Pulmonary 
artery pressure proximal to the band was 90/15 
mm Hg and distal to the band, 35/20 mm Hg. 
Because of persistent cyanosis and a small 
foramen ovale, a Blalock-Hanlon atrial septec- 
tomy [3] was performed on March 2, 1971, re- 
sulting in some improvement. A third cardiac 
catheterization when he was 5 years old 
showed an effective pulmonary banding and 
adequate atrial mixing (Table). The Taussig- 
Bing type of TGA was identified at this exam- 
ination (Fig 1). 

At 8 years of age and because of cyanosis and 
exercise intolerance, the patient was readmitted 
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Cardiac Catheterization Data before Total Repair in a 5-Year-Old Child 
with Taussig-Bing Anomaly after Previous Palliative Procedures 
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Site 


Superior vena cava 

Right atrium 

Right ventricle 

Ascending aorta 

Right upper pulmonary vein 

Left atrium 

Left ventricle 

Main pulmonary artery proximal to band 
Main pulmonary artery distal to band 


in February, 1978, for total intracardiac repair. 
The heart rate was 90 beats per minute; respi- 
ratory rate, 24 per minute; and blood pressure, 
90/60 mm Hg. No increased jugular venous pul- 
sation was discernible, and the lungs were clear 
on auscultation. The apical impulse was in the 
fifth intercostal space 1 cm inside the mid- 
clavicular line. There was a lift along the left 
sternal border, and no thrill was present. The 
rhythm was regular, and both first and second 
heart sounds were single. A grade 3/6, harsh, 
long systolic murmur was heard at the left ster- 
nal edge at the second and third interspaces. No 
diastolic murmur was heard. The liver was not 
enlarged and could be palpated 1 cm below the 
right costal margin. The peripheral pulses were 
normal in volume and contour in upper and 
lower extremities. Moderate clubbing and 
cyanosis of the nailbeds was evident. 
Laboratory studies disclosed a hemoglobin 
level of 21 gm per 100 ml and hematocrit, 65%. 
Electrocardiography revealed evidence of right 
ventricular hypertrophy. A chest roentgeno- 
gram showed mild cardiomegaly, a prominent 
main pulmonary artery shadow and decreased 
pulmonary vascular markings (Fig 2). M-mode 
echocardiographic features were as follows: 
D-TGA as determined by transducer position 
and systolic time interval [8], and rotation of the 
main pulmonary artery to the right in such a 
way that it straddled the ventricular septum. 


Surgical Technique 
Operation was performed on February 7, 
1978, using cardiopulmonary bypass. Inspec- 


Oxyg 
Saturation (96) 


70 
87 
72 
75 


Pressure 
(mm Hg) 


a wave = 8, v wave = 8 (6) 
100/0, 8 
100/62 (75) 


a wave = 8, v wave = 8 (6) 
100/0, 8 

100/12 (50) 

17/12 (14) 


tion of the heart revealed that the aorta was to 
the right and slightly anterior to the main pul- 
monary artery (Fig 3A). The pulmonary artery 
overrode the ventricular septum to a great ex- 
tent. The ascending aorta was cross-clamped, 
and cardioplegic solution was injected into the 
aortic root while general moderate hypothermia 
(30°C) was achieved and the surface of the heart 
lavaged with cold saline solution. 

The right atrium was opened. The atrial sep- 
tal defect, previously created surgically, was 
large and adjacent to a small patent fora- 
men ovale. The tricuspid valve was retracted 
to determine if the VSD could be seen well 
enough to permit closure through this route. 
The VSD was high in the septum and could 
not be exposed clearly enough. The pulmo- 
nary band was located midway between the 
valve and the bifurcation and was removed 
using a longitudinal incision (see Fig 3A). Re- 
tracting the pulmonary valve allowed adequate 
exposure of the VSD (Fig 3B). The defect was 
oval and sagittally oriented, and measured 2 by 
3 cm. Cranially, it was separated from the pul- 
monary valve by a ridge of conal tissue. The 
pulmonary valve overrode the ventricular sep- 
tum with access to both right and left ventricles. 

The VSD was closed working through the 
pulmonary valve, placing a knitted Dacron 
patch on the left ventricular side. Interrupted 
sutures were used caudally (Fig 3C) and con- 
tinuous suture, cranially (Fig 3D). The orifice 
between the pulmonary artery and the left ven- 
tricle was adequate, and it was not necessary to 
excise any adjacent tissue. The incision in the 
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Fig 1. Cinecardiogram showing (A) posteroanterior (PA) 
and (B) lateral views of the early phase of injection into 
the right ventricle. A conus is seen beneath each great 
artery in the PA view. Note the pulmonary artery over- 
rides the ventricular septum. The subpulmonary ven- 
tricular septal defect as well as the anteriorly displaced 
great arteries are seen in the lateral view. (C) PA and 
(D) lateral views of injection into the left ventricle. The 
pulmonary artery proximal to the band is dilated and 
overrides the interventricular septum. 


D 


main pulmonary artery was closed with an el- 
liptical woven Dacron patch (Fig 3E). The aortic 
cross-clamp was then released to permit perfu- 
sion of the myocardium for about five minutes, 
and then cardioplegic solution was injected into 
the aortic root. A Mustard operation [14] was 
performed using a pericardial baffle to reroute 
venous inflow to the proper ventricular cham- 
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Fig 2. Posteroanterior chest roentgenogram made when 
the patient was 8 years old and before total repair. It 
shows cardiomegaly. 


bers (Fig 3F). When the intracardiac procedure 
was completed, the heart started contracting 
spontaneously, and a satisfactory systemic 
pressure was promptly achieved. Pacing wires 
were sutured to the right ventricle, right 
atrium, and skin. The operation was completed 
without complications, and the patient was 
brought to the recovery room in good condi- 
tion. 

Soon after the patient arrived in the recovery 
room cardiac output decreased, and he re- 
sponded poorly to volume replacement with 
digitalis. Continuous infusion of dopamine, 5 
mg per kilogram of body weight per minute 
was required for the first twenty-four hours. 
On the third day after operation, atrial flutter 
with 2:1 and 3:1 block occurred. Overdrive 
atrial pacing (using epicardial pacing wires 
placed at operation) failed to convert the 
rhythm to sinus. The patient tolerated the dys- 
rhythmia and was discharged fourteen days 
after operation. 

No further problems occurred, and he is 
presently active and attending school. The only 
medication he receives is Lanoxin (digoxin) to 
maintain the proper ventricular response to 
atrial flutter. Three months after operation, 


echocardiographic assessment of left ventricu- 
lar systolic time intervals [5] indicates the pul- 
monary arterial diastolic pressure is low. Chest 
roentgenogram ten months after operation 
shows a satisfactory appearance. 


Comment 

The Taussig-Bing malformation is a severe con- 
genital heart lesion characterized by cyanosis. 
Prognosis is poor, mainly because of early de- 
velopment of progressive pulmonary vascular 
changes. Origin of the aorta from the right 
ventricle accounts for the large, right-to-left 
shunt. The pulmonary artery straddles the ven- 
tricular septum. The VSD is subpulmonary and 
supracristal, which explains why the patient 
usually has at least a moderately elevated pul- 
monary vascular resistance by the age of 1 year. 

Since most patients die within the first year of 
life, surgical treatment is mandatory early in 
infancy. Palliation usually consists of either 
pulmonary artery banding or the Blalock- 
Hanlon procedure, or both. In a few instances, 
an isolated palliative Mustard repair has been 
performed [2]. To our knowledge, complete re- 
pair has been performed successfully in 9 other 
patients [7, 16], most of whom have undergone 
previous palliations. The reported age of pa- 
tients at operation ranges between 20 months 
and 17 years. 

Whether the early surgical intervention 
should be palliative or curative is uncertain be- 
cause experience with the Taussig-Bing mal- 
formation is still limited. In a similar condition, 
i.e., TGA with VSD, the general trend (with 
some exceptions [4]) is toward total repair since 
there is no assurance that pulmonary banding 
can prevent pulmonary vascular obstructive 
disease [9, 12]. Repair in infancy has been 
deemed desirable for patients with the 
Taussig-Bing anomaly [20]. Because of the se- 
vere illness of our patient from birth, a staged 
approach appeared safer and more rational. 

One method for total repair consists of re- 
routing arterial blood from the left ventricle to 
the aorta through the VSD by means of an intra- 
cardiac Dacron tunnel [1, 6, 10, 16, 18]. Another 
technique of complete repair involves closing 
the subpulmonary defect so the malformation 
is transformed into a complete transposition 
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Fig 3. The involved anatomy and technique of opera- 
tion. See text for details. (a = artery; VSD = ventricu- 


lar septal defect; RV = right ventricle; LV = left ven- 
tricle.) 
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and then correcting this condition using the 
Mustard procedure [7, 16, 20]. Intraventricular 
shunting of the left ventricular supply of blood 
appears to be a more physiological repair be- 
cause it avoids the disadvantages of systemic 
pressure in the right ventricle. However, this 
operation is difficult technically and may be 
complicated by an obstructed right ventricular 
outflow tract, which, in some instances, re- 
quires a patch graft or conduit. 

Converting the malformation to a complete 
transposition has the same uncertain long-term 
results as a Mustard procedure. Furthermore, 
there is the problem of closing the VSD. The 
VSD is supracristal or, according to Van Praagh 
[19], "postero-superior to the septal band," 
making closure of the VSD through a right atri- 
otomy difficult. The transventricular approach 
is undesirable because it is preferable to avoid 
an incision in the right ventricle since it will 
have to support the systemic circulation. 

In the previously reported cases, the VSD was 
closed more often through a right ventric- 
ulotomy [16, 17, 20] than a right atriotomy 
[7]. Exposing the high defect in patients with 
the Taussig-Bing anomaly is more difficult 
through an atriotomy than exposing the defects 
usually encountered in patients with complete 
transposition or in patients with an isolated 
VSD [9]. Before the operation on the present 
patient, we had planned to close the VSD 
through the main pulmonary artery. The feasi- 
bility of this approach was predicted by the 
orientation of the VSD and the large size of the 
main pulmonary artery on preoperative angiog- 
raphy and by the necessity of opening the main 
pulmonary artery to remove the pulmonary 
band and insert a patch graft. The desirability 
of this approach was dictated by its advantage 
of avoiding an incision in the right ventricle 
since it was to become the systemic ventricle. 
Transpulmonary closure has been used previ- 
ously for repairing isolated supracristal VSDs 
[11] and VSDs in patients with corrected TGA 
[15]. 

If total repair was done in the newborn, ex- 
posing the VSD might be difficult because of 
the small size of the great arteries. In the older 
infant and in those with dilated main pulmo- 


nary arteries, exposure should be better. Be- 
cause of the ease with which the VSD could be 
exposed and closed in our patient, we believe 
this technique preferable for patients with a 
similar condition. 
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HOW TO DO IT 


A New Valve Retractor 
for Mitral Valve Procedures 


F. A. Lucchese, M.D., R. Kalil, M.D., P. R. Prates, M.D., 


I. A. Nesralla, M.D., and A. D. Jatene, M.D. 


ABSTRACT Optimal exposure greatly facilitates 
reconstructive mitral valve procedures. We describe 
an effective method for exposing this valve using a 
specially designed mitral valve retractor. This tech- 
nique proved useful in 321 patients who underwent 
operation on the mitral valve. 


Although the technique of closed mitral com- 
missurotomy was described by Bailey [1] in 
1949, most surgeons currently prefer an open 
operation to directly expose and repair a ste- 
notic mitral valve. Lillehei and co-workers [6] 
reported in 1957 a technique of mitral valve an- 
nuloplasty for repair of an incompetent mitral 
valve. Subsequently, Merendino and associates 
[7] introduced the posteromedial annuloplasty, 
Wooler and associates [11] the bicommissural 
annuloplasty, and Reed and co-workers [9] the 
concept of the asymmetric annuloplasty. More 
recently, this problem has been treated by pli- 
cation of a larger segment or of the complete 
mitral valve annulus [2-4]. 

Further experience with mitral valve opera- 
tions has shown that the proper decision re- 
garding mitral valve replacement or the use of a 
reconstructive procedure is based on several 
factors: (1) complete visualization of the mitral 
valve annulus, leaflets, chordae, and papillary 
muscles; (2) better understanding of valve 
function; and (3) estimation of the adequacy 
of potential repair based on the degree of 
involvement of the individual valve [5, 8, 10]. 
Optimal exposure of the mitral valve leaflets 
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and subvalvular apparatus greatly facilitates the 
decision-making process and the implementa- 
tion of reparative procedures. We believe im- 
proved exposure is achieved by the use of a 
specially designed mitral valve retractor (Fig- 
ure).* 


Technique 

The left atrium is opened on the right side and 
retracted. The tip of the closed mitral valve re- 
tractor is positioned in the valve orifice and 
gently opened to tense both the anterior and 
posterior leaflets of the mitral valve. The hooks 
on the tip of the retractor allow elevation of the 
mitral valve leaflets into the left atrium. This 
facilitates accurate evaluation of the commis- 
sures, leaflets, valve annulus, and the subval- 
vular apparatus. The retractor is held in the 
surgeon's left hand, freeing the right hand to 
perform most of the maneuvers required for 
plastic reconstruction of the mitral valve. The 
handle of the retractor is calibrated to permit 
measurement of the valve orifice. This is useful 
after commissurotomy and papillotomy, and for 
determining the final diameter of the valve an- 
nulus following annuloplasty. 


Comment 

This technique proved effective during mitral 
valve procedures in 321 patients. In 205 with 
mitral stenosis, commissurotomy and papil- 
lotomy were accomplished. In 107 patients, the 
retractor aided in the decision to replace the 
mitral valve, and in 9 patients it helped in the 
performance of more complex plastic proce- 
dures. In each instance, the retractor allowed 
increased visualization of the subvalvular ap- 
paratus, leaflets, and annulus, and thereby 
facilitated repair. We believe the device is a 


*Codman & Shurtleff, 
number 25-8014. 


Inc., Randolph, MA; catalogue 
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Mitral valve retractor. 


safe, reliable, and helpful adjunct to mitral 
valve operation. 
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Improved Exposure of the Mitral Valve 
in Patients with a Small Left Atrium 


Robert K. Brawley, M.D. 


ABSTRACT A modification of the usual approach 
to the mitral valve is described and illustrated. This 
technique employs right atriotomy and interatrial 
septotomy, which can be easily performed when 
standard left atriotomy does not provide satisfactory 
mitral valve exposure. While this modification is not 
often necessary, it can be helpful in patients with a 
small left atrium, especially those with a small left 
atrium and associated left ventricular hypertrophy. 


In 1972, Elkins and co-workers [2] described 
and illustrated the technique for prosthetic re- 
placement of the mitral valve that is used at 
the Johns Hopkins Hospital. The technique is 
similar to that employed by most surgeons for 
mitral valve replacement and includes median 
sternotomy and left atriotomy made lateral to 
the interatrial sulcus and extended posterior to 
the venae cavae. Since 1972, it has been used 
consistently for isolated mitral valve operations 
at the Johns Hopkins Hospital. While it has 
never been impossible to expose the mitral 
valve, there have been several patients in 
whom mitral valve exposure was difficult with 
this approach. Generally, these are patients in 
whom the left atrium is not enlarged and par- 
ticularly patients with a small left atrium and 
associated ventricular hypertrophy. This com- 
bination of factors is seen most commonly in 
small women with severe mitral and aortic 
valve stenosis who require double-valve re- 
placement. 

For patients undergoing mitral and tricuspid 
valve procedures, we also occasionally use the 
approach proposed by Dubost and associates 
[1]. A cardiac incision is commenced in the 
right superior pulmonary vein and extended 
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transversely through the anterior right atrial 
wall and the interatrial septum. Usually, this 
incision provides excellent exposure of both the 
mitral and tricuspid valves. 

In recent years, for patients with a small left 
atrium, we have employed a cardiac incision 
that incorporates elements of both the standard 
approach to the mitral valve and the incision 
suggested by Dubost and colleagues [1]. 


Method 

A median sternotomy is employed. The peri- 
cardium is incised longitudinally, and its 
edges are suspended from the sternal retractor. 
Following systemic heparinization, the as- 
cending aorta is cannulated. If the patient has a 
large left atrium and if difficult mitral valve ex- 
posure is not anticipated, a single, large, right 
atrial cannula is placed. If, however, the patient 


Fig 1. Following median sternotomy and institution of 
cardiopulmonary bypass, the interatrial sulcus is ex- 
posed. Mitral valve exposure is usually satisfactory 
following mobilization of the venae cavae, aortic cross- 
clamping, and left (1.) atriotomy extended to the left and 
posterior to the venae cavae. (Ao. = aorta; R. = right; 
SVC = superior vena cava; IVC = inferior vena cava; 
R. sup. pulm. v. = right superior pulmonary vein.) 
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Fig 2. (A) Despite the maneuvers described in Figure 1, 
the mitral valve is not well seen in this patient with a 
small left (1.) atrium and severe left ventricular hyper- 
trophy as a result of calcific aortic stenosis. (B) Cross 
section of a heart with a small left atrium (LA) and left 
ventricular (LV) hypertrophy illustrates the overriding 
of the right atrium (RA) and interatrial septum that 
limits exposure of the mitral valve through the standard 
left atriotomy. The line of incision for right (r.) atri- 
otomy and interatrial septotomy is indicated by the 
dotted line. (Vent. = ventricle.) 


has a small left atrium or if exposure of the mi- 
tral valve might be difficult for other reasons, 
separate cannulae are placed into the venae 
cavae. Cardiopulmonary bypass is established, 
and systemic hypothermia to approximately 
28°C is employed. The aorta is cross-clamped 
and cardioplegia is obtained with cold potas- 
sium chloride solution. 

An incision is made in the left atrium be- 
tween the interatrial sulcus and the right 
superior pulmonary vein. This incision is ex- 
tended superiorly and inferiorly far to the pa- 
tient’s left and posterior to the venae cavae (Fig 
1). Usually the mitral valve is readily exposed 
by retracting the interatrial septum to the pa- 
tient’s left, and anteriorly. In some instances 
when mitral valve exposure is less than satis- 
factory, improved exposure can be obtained by 
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Fig 3. (A) Right (R.) atriotomy is made between the 
cavae cannulae and perpendicular to the left atriotomy. 
(B) The interatrial septum is incised from the interatrial 
sulcus toward the mitral valve. (RA — right atrium; L. 
= left.) 


mobilizing the superior and inferior venae 
cavae, which allows additional retraction of the 
interatrial septum. If the mitral valve cannot be 
properly visualized after this maneuver (Fig 2), 
the venae cavae are occluded with tourniquets 
about the caval cannulae, and a right atriotomy 
is made perpendicular to the interatrial sulcus. 
This permits exposure of the interatrial septum, 
which is then incised from the interatrial sulcus 
toward the mitral valve (Fig 3). Following these 
incisions, additional retraction of the right 
atrium and interatrial septum is possible and 
improves mitral valve exposure considerably 
(Fig 4). 

The only disadvantages of this modification 
encountered to date are the additional time re- 
quired to reconstruct the interatrial septum and 
right atrium, and the increased probability of 
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Fig 4. (A) The incised anterior right atrial wall and in- 
teratrial septum are retracted, permitting excellent 
exposure of the mitral valve. (B) Cross section illustrates 
the additional retraction of the overriding right atrium 
(R.A.) and interatrial septum, which allows improved 
exposure of the mitral valve. (Pulm. v. = pulmonary 
vein; L.A. = left atrium.) 


postoperative atrial arrhythmia. Again, it is to 
be emphasized that this modification of the 
standard approach to the mitral valve is not 
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often required. However, it is a technique that 
can be extremely helpful in select patients. 


References 


1. Dubost C, Guilmet D, Parades B, et al: Nouvelle 
technique d'ouverture de l'oreillette gauche en 
chirurgie à coeur ouvert: l'abord bi-auriculair 
transseptal. Presse Med 74:1607, 1966 

2. Elkins RC, Bender HW, Brawley RK, et al: Tech- 
nique for prosthetic replacement of the mitral 
valve. Surg Gynecol Obstet 134:485, 1972 


A Technique for Preclotting Vascular Grafts 


M. F. X. Glynn, M.D., and W. G. Williams, M.D. 


ABSTRACT  Porous vascular grafts can be safely 
and securely sealed prior to use by a thirty-minute 
soak in cryoprecipitate followed by a ten-minute 
immersion in topical thrombin. This technique does 
not use the patient's blood and works in a patient 
fully anticoagulated with heparin. It has provided 
absolute graft competence in a series of 12 patients 
with valve conduits and 6 with patch enlargement of 
the ascending aorta. 


Bleeding through the pores of a vascular (knit- 
ted or woven) graft is an intraoperative hazard, 
especially in a patient whose blood is com- 
pletely anticoagulated with heparin. Preclot- 
ting of the graft with the patient's blood before 
the administration of heparin has been recom- 
mended but is not always practical or success- 
ful. After a patient died of hemorrhage through 
a conduit between the left ventricle and aorta, 
we devised a preclotting technique that does 
not require use of the patient's blood. The tech- 
nique has been successful in more than 16 pa- 
tients. 


Technique 

Valved conduits are washed according to the 
manufacturer's instructions.* The entire sterile 
prosthesis (whether valve conduit or synthetic 
patch) is soaked in sixteen freshly thawed bags 
of cryoprecipitatet (250 ml) for ten minutes. 
The graft is kneaded gently during the soaking 
to allow the cryoprecipitate to permeate its in- 
terstices. 

The graft is then removed from the cryo- 
precipitate and immersed in 100 ml of a solution 
of topical thrombin? (1,000 U per milliliter). Care 
should be taken to ensure that all parts of the 
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graft are soaked in the cryoprecipitate. After ten 
minutes, the graft is rinsed in sterile saline so- 
lution. Adherent clumps of fibrin can be re- 
moved carefully from the valve with forceps. 
The graft is then ready for implantation in a 
routine manner. 


Comment 
Since adopting this technique more than a year 
ago, we have used vascular grafts, preclotted in 
the manner just described, in more than 16 pa- 
tients, 2 of whom required a conduit between 
the left ventricle and aorta. There was no 
bleeding through the grafts despite heparin 
concentration in the blood of well over 5 U per 
milliliter. The grafts are not only leak-proof, but 
needle holes (No. 20 gauge) made for routine 
pressure measurements through the conduits 
seal spontaneously. 

The addition of topical thrombin to cryo- 
precipitate produces a milky, jellylike coagulum 


Fibrin net produced by the mixture of cryoprecipitate 
and thrombin. ( X860 before 25% reduction.) 
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because of polymerization of the fibrinogen to 
fibrin. Because this is a naturally occurring 
physiological process, we believe it is unlikely 
to affect function of the porcine valve. There has 
been no evidence of valve malfunction in any of 
our patients or evidence of emboli from fibrin 


thrombi. The fibrin net produced by the mix- 
ture of cryoprecipitate and thrombin is illus- 
trated in the electron micrograph (Figure). 

We recommend this technique of preclotting 
to surgeons using synthetic outflow patches or 
valve conduits. 


CURRENT REVIEW 


Operation for Motor Dysfunction of the Esophagus 


Gordon F. Murray, M.D. 


ABSTRACT Modern operative treatment of motor 
dysfunction of the esophagus began in 1949 with the 
recognition that anastomotic procedures that bypass 
or destroy the distal esophageal sphincter are asso- 
ciated with the development of reflux esophagitis 
and stricture. Thirty years later, reflux esophagitis 
related to esophagomyotomy or intrinsic esophageal 
disease remains the dominant concern and chal- 
lenge. 

This review examines the current status of opera- 
tive procedures for the management of three impor- 
tant primary disorders of esophageal motility: 
achalasia, diffuse esophageal spasm, and sclero- 
derma. Relief of esophageal obstruction by esophago- 
myotomy or reconstruction is the common surgical 
goal. The addition of a fundoplication procedure 
to discourage esophageal reflux remains con- 
troversial in each disorder. Esophageal resection 
may become necessary when stricture persists or 
esophagomyotomy fails to provide lasting relief of 
dysphagia. 


The esophagus is essentially a hollow, muscular 
tube whose main function is to transport in- 
gested material to the stomach. Under normal 
conditions, the propulsive activity of the 
esophagus proceeds in a remarkably well coor- 
dinated fashion (Fig 1). Motor dysfunction of 
the esophagus results in dysphagia and can also 
be a source of chest pain [70, 80]. Secondary 
motor dysfunction is related to the response of 
the esophagus to injury. The best example, 
both in frequency of occurrence and morbidity, 
is reflux esophagitis [3]. Motor dysfunction can 
also be related to primary neurogenic or 
myogenic esophageal abnormality [30]. Acha- 
lasia, diffuse esophageal spasm, and sclero- 
derma are primary disorders of esophageal 
motility that are of importance to the surgeon. 
Modern operative treatment of these disorders 
in the United States began in 1949 when the 
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classic report of Barrett and Franklin [2] alerted 
surgeons to the danger of reflux esophagitis in 
anastomotic procedures that destroy or bypass 
the esophagogastric junction. Thirty years later, 
reflux esophagitis, related to esophagomy- 
otomy or intrinsic disease, remains the dom- 
inant concern. 


Achalasia 

Achalasia is a neurogenic esophageal disorder 
characterized by incomplete relaxation of the 
gastroesophageal sphincter in response to de- 
glutition, and absence of peristalsis from the 
body of the esophagus [36]. Obstruction at the 
gastroesophageal junction is constant, and the 
body of the esophagus dilates progressively, 
becoming a reservoir for undigested food (Fig 
2). Therapy is directed toward relief of distal 
esophageal obstruction by forceful dilation or 
esophagomyotomy. Neither method restores 
coordinated peristalsis in the esophagus [19, 
50]. Treatment by forceful dilation may initially 
improve up to 60% of patients [6]. Frequently, 
multiple dilations are required, however, and 
the risk of esophageal perforation is real [16, 
73]. When dilatation is not completely effective, 
persisting esophageal stasis may contribute to 
the development of carcinoma in achalasia [31, 
82]. Esophagomyotomy is a clear choice, there- 
fore, when dilation fails to promptly relieve 
dysphagia [1]. 

Surgical treatment also is the most reason- 
able approach to the advanced disease, char- 
acterized by marked dilatation and tortuosity 
of the esophagus [1, 36, 50]. Successful 
dilation is unlikely in this severe form of the 
disease, and the incidence of serious com- 
plications is increased. Children [64, 76] and 
patients with vigorous achalasia [72] respond 
poorly to forceful dilation, and operation is 
preferred as primary treatment. Hiatal hernia 
does occur in patients with achalasia [7, 60] 
and is a recognizable factor associated with an 
increased risk of perforation upon forceful dila- 
tion [22, 49]. The coexistence of another patho- 
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Fig 1. A coordinated peristaltic wave characterizes the 
normal esophagus. With deglutition, the lower 
esophageal high-pressure zone relaxes to allow forward 
flow of food. (WS = wet swallow.) 
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Fig 2. In achalasia, elevated resting pressure and non- 
progressive contractions are noted in the body of the 
esophagus. The lower esophageal sphincter pressure is 
normal or elevated, as shown here, and does not demon- 
strate relaxation in response to deglutition. (WS = wet 
swallow.) 


logical condition requiring operation, such as 
epiphrenic diverticulum or duodenal ulcer dis- 
ease [73], is another indication for operation. 
Definitive surgical management of patients 
suffering pulmonary complications of esoph- 


ageal obstruction is advised [1, 50], and opera- 
tion is required in the rare circumstance when 
carcinoma of the cardia cannot be excluded 
[74]. Obstruction is immediately relieved 
by myotomy when performed early in the 
course of the disease, and good results do 
not change with time [1, 16, 19]. Thus, the 
safety and simplicity of elective surgical treat- 
ment in most healthy adults provide clear ad- 
vantages over dilation therapy. 

Extramucosal esophagomyotomy was intro- 
duced in the treatment of achalasia of the 
esophagus by Heller in 1913 [34]. Zaaijer [83], in 
1923, modified Heller's double incision by 
using a single anterior longitudinal myotomy. 
To be successful, this simple operation depends 
on careful attention to details, and these have 
been emphasized repeatedly by Ellis and as- 
sociates [18, 19, 22]: A left thoracotomy pro- 
vides the most direct access to the distal 
esophagus and diminishes opportunity for in- 
advertent injury to the vagus nerves, which 
would result in impairment of gastric empty- 
ing. On the other hand, an abdominal approach 
requires extensive mobilization of the esopha- 
gus to perform an adequate myotomy, and the 
hiatal attachments are necessarily disrupted. 
The incision through the gastric musculature is 
precise and limited to a few millimeters to 
avoid gastroesophageal reflux. Proximal exten- 
sion of the incision varies from 5 to 7 cm to en- 
sure complete division of the circular muscle in 
the area of obstruction. The muscle wall is then 
dissected laterally from the mucosa to minimize 
the possibility of reapproximation of the heal- 
ing myotomy. If an associated hiatal hernia is 
present or if supporting structures of the hiatus 
are disturbed by the surgeon, normal anatomy 
must be restored. Myotomy, as described by 
Ellis and Olsen [21], has resulted in 94% satis- 
factory results and a low incidence of reflux 
esophagitis. However, severe reflux esophagi- 
tis remains the most notable long-term compli- 
cation of myotomy, occurring in up to 25% of 
patients in collected series [71]. 

The addition of a fundoplication procedure to 
the myotomy was suggested by Belsey in 1966 
[5] and has been advocated by many authors to 
reduce postoperative reflux [7, 45, 46, 68]. Such 
a procedure is mandatory when a hiatal hernia 
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Fig 3. The addition of a fundoplication procedure to 
esophagomyotomy for patients with achalasia some- 
times reduces postoperative reflux. 


is present because even a limited myotomy will 
result in gastroesophageal reflux [20], or when 
hiatal attachments are disrupted in the perfor- 
mance of a transabdominal operation [27]. An 
antireflux procedure must, of course, be de- 
signed for the patient with reflux demonstrated 
preoperatively. Incompetence of the cardia can 
be a consequence of repeated hydrostatic dila- 
tions [62], but Peyton and colleagues [68] found 
a high incidence of esophageal reflux by pH 
probe analysis in patients with achalasia prior 
to dilation or operation. Rees and co-workers 
[71] reported that the single most important 
factor in predicting a poor surgical result in 
their series of patients was the presence of pep- 
tic esophagitis. 

I have employed the Belsey Mark IV proce- 
dure in situations in which the adequacy of the 
myotomy must not be compromised (Fig 3). 
Persistence of obstruction following myotomy 
in patients with advanced disease is well rec- 
ognized [13, 81] and suggests that, in this cir- 
cumstance, the incision should not be limited 
in scope. A generous myotomy is also appro- 
priate in patients undergoing a second opera- 
tion for esophageal obstruction [18] and is criti- 
cal to the complete relief of obstruction distal to 
a suture line required by excision of an epi- 


phrenic diverticulum. In addition, fundopli- 
cation should be considered when multiple 
forceful dilations have obscured the anatomy of 
the esophagogastric junction and a precise 
myotomy is obviated [18, 62]. Finally, acciden- 
tal mucosal perforation in the performance of an 
esophagomyotomy is ideally managed by in- 
corporation in a fundic wrap [46]. 
Fundoplication seems a sensible addition to 
esophagomyotomy in the circumstances just 
described. The potential risk of obstruction of 
the aperistaltic esophagus by the fundoplica- 
ton is of concern [18]. However, an obstructing 
lower esophageal high-pressure zone is rarely 
created by fundoplication when an adequate 
myotomy has weakened the lower sphincter 
[14].* This observation suggests that so-called 
sphincter enhancement is not the major barrier 
to reflux in this instance but, rather, that it 
is a surgically produced valve mechanism [8, 
10, 25]. On the contrary, reconstruction of 
the esophagogastric junction by esophageal 
lengthening and fundoplication may produce 
functional esophageal obstruction, the very 
high-pressure zone created in the wrapped 
gastroplasty tube impeding esophageal empty- 
ing [12]. Thus, Collis-Belsey reconstruction of 
the esophagogastric junction in achalasia was 
advocated briefly in 1976 [57] and decried the 
following year [58, 65]. Notably, the fundic 
patch operation, introduced by Thal and 
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Hatafuku [77], has been applied to the problem 
of advanced achalasia of the esophagus. This 
operation can achieve the goal of a widely 
patulous esophagogastric orifice with a com- 
petent antireflux mechanism [13, 32]. 


Diffuse Esophageal Spasm 

Diffuse esophageal spasm is a primary motor 
disorder of unknown cause characterized by 
severe disorder of motor activity in the lower 
two-thirds of the esophagus [26]. The gas- 
troesophageal junction is usually normal and 
relaxes well in response to deglutition (Fig 4). 
Diaphragmatic hiatal hernia, epiphrenic diver- 
ticulum, and hypertensive lower esophageal 
sphincter are occasionally associated with this 
rare disorder [17]. Pain and dysphagia, the 
dominant symptoms of diffuse esophageal 
spasm, are related to spasm of the hyperplastic 
inner circular muscle of the esophagus [5, 26, 
29]. A long esophageal myotomy, reported by 
Lortat-Jacob [44] in 1950, reduces pain and 
allows ready emptying in carefully selected 
patients [5, 17, 23]. 

Ellis and associates [17, 23, 43] have pio- 
neered and refined the current status of sur- 
gical treatment: A left thoracotomy provides ex- 
cellent exposure for involvement of the distal 


Fig 4. Diffuse esophageal spasm is characterized by dis- 
ordered motor activity of high amplitude and long dura- 
tion in the lower two-thirds of the esophagus. The gas- 
troesophageal junction is usually of normal tone and 
relaxes well in response to deglutition. (WS = wet 
swallow.) 
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two-thirds of the esophagus or less. When more 
extensive esophageal involvement is present, a 
right-sided approach to include the entire dis- 
eased segment may be necessary. The length of 
the myotomy is determined by preoperative 
manometric assessment, and the incision 
should spare the normal lower esophageal 
sphincter (Fig 5). Lateral dissection of the mus- 
cle wall from the mucosa is again essential to 
discourage subsequent healing of the myot- 
omy. 

Although symptomatic improvement is given 
to 80 to 90% of patients by this technique 
[43], a definite incidence of reflux esophagi- 
tis following extended myotomy persists [35, 
61]. Failure to add an antireflux procedure 
to myotomy is ill advised in the presence 
of a hiatal hernia [43] or hypertensive lower 
esophageal sphincter requiring myotomy [35, 
41, 43]. On the other hand, when the myotomy 
involves the normal lower sphincter, the Belsey 
Mark IV operation has apparently been ineffec- 
tive [39], and this has led to the recommenda- 
tion that a Collis gastroplasty routinely accom- 
pany the myotomy in all patients [41]. Available 
information suggests that the normal sphincter 
should be spared in most patients with diffuse 
esophageal spasm, instead of extending plastic 
procedures at the gastroesophageal junction 
[24, 43]. 


Scleroderma 

Various connective tissue diseases, including 
scleroderma, lupus erythematosus, and poly- 
myositis, can be associated with esopha- 
geal motor dysfunction [48]. Of these, sclero- 
derma is found most frequently when there 
is esophageal involvement of the disease [28]. 
Although the cardinal feature of scleroderma 
is skin involvement, the esophagus may 
be the first internal organ to be affected [69]. 
The histological features of muscle atrophy and 
fibrous tissue deposition are limited to the 
smooth muscle portion of the esophagus 
[52]. Thus, there is absence of peristalsis 
in the lower two-thirds of the esophagus 
and a partial or complete loss of tone and nor- 
mal response to swallowing in the distal esoph- 
ageal high-pressure zone (Fig 6). Gastro- 
esophageal reflux, not impaired motility, is 
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Fig 5. The length of the myotomy for diffuse esophageal 
spasm is determined by preoperative manometric as- 
sessment, and the incision should spare the normal 
lower esophageal sphincter. 


the major cause of esophageal symptoms in 
scleroderma [37, 52]. The pathological changes 
of ulcerative esophagitis, stricture, aspiration 
pneumonia, and hiatus hernia are the ravages 
of this reflux, rather than the primary disease. 


Fig 6. Characteristic manometric features of scleroderma 
are nonprogressive, low-amplitude contractions in the 
lower two-thirds of the esophagus, and a loss of tone 
and normal response to swallowing in the distal high- 
pressure zone. (WS = wet swallow.) 
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Since patients with scleroderma are com- 
promised by a multisystemic illness, intensive 
medical therapy of reflux esophagitis is the 
treatment of choice [37, 48]. However, de- 
velopment of severe esophageal ulceration or 
stricture greatly complicates the clinical man- 
agement. Undue delay in operative treatment 
diminishes the opportunity to salvage the dam- 
aged esophagus and permits progression of 
pulmonary changes. For the select group of pa- 
tients in whom medical measures fail, surgical 
therapy is aimed at operative dilation of stric- 
ture and correction of reflux [40, 52, 66]. Be- 
cause of the apparent failure of the Belsey Mark 
IV operation in the presence of severe 
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esophagitis and stricture [55], the Collis 
gastroplasty and modified Belsey repair, as 
described by Pearson and colleagues [66], has 
been advocated to restore gastroesophageal 
competence [57, 66, 79]. The technique of Collis 
lengthens the diseased, foreshortened esoph- 
agus and allows suture placement for the Bel- 
sey reconstruction in a healthy tubed gastric 
segment below the diaphragm [11, 56]. When 
the intrinsic tone of the stomach tube is not di- 
minished by scleroderma, satisfactory control 
of reflux can be achieved by Collis-Belsey repair 
[40, 52]. For more effective control of reflux, 
Henderson [38] urged the addition of the Nis- 
sen 360-degree fundoplication after gastro- 
plasty. Orringer and Sloan [59] noted a high (30 
to 46%) rate of failure to control reflux following 
a standard 240-degree Belsey wrap, and advo- 
cated combined Collis-Nissen reconstruction of 
the esophagogastric junction. It is clear that, in 
each procedure, care must be taken to avoid 
obstruction of the aperistaltic esophagus [15]. 
Intraoperative calibration of the high-pressure 
zone, as suggested by Hill [42], may aid the 
surgeon in this difficult problem. 


Permanent Incompetence or Obstruction 

Esophageal substitution may become prefer- 
able to almost certain risk of persistence of the 
stricture or failure of the operation to relieve 
dysphagia. Thus, when a fixed, fibrous stric- 
ture remains [67] or when esophagomyotomy 
fails to provide lasting relief from dysphagia 
and regurgitation [54], efforts to salvage the 
esophagus must usually be abandoned. Al- 
though the fundic patch operation of Thal and 
Hatafuku [9, 78] is an alternative to esophageal 
resection, such reconstruction of the diseased 
esophagus may be associated with excessive 
morbidity; and it is generally safer and more 
effective to resect and replace the esophagus 
[54]. Interposition of achlorhydric stomach [63], 
gastric tube [33], jejunum [47], or colon [51] has 
been used to restore continuity. The esophagus 
may be bypassed by means of the antethoracic 
subcutaneous, posterior mediastinal, or sub- 
sternal route [53]. For relatively healthy patients 
with permanent cardioesophageal incompe- 
tence or obstruction, interposition with iso- 
peristaltic left colon as described by Belsey 


[4] is an excellent method of esophageal recon- 
struction. Skinner [75] emphasized placement 
of the colonic segment in an isoperistaltic di- 
rection and removal of as much of the aperistal- 
tic esophagus as possible to ensure relief of 
dysphagia. The replacement procedure imposes 
a serious operative stress on the patient, and it 
is wise to reserve esophageal resection for the 
lesion refractory to the antireflux operations. 
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CORRESPONDENCE 


Standards for Surgical Trials 
To the Editor: 


As a long-time reader and occasional contributor to 
The Annals of Thoracic Surgery, I was disturbed by 
that curious letter regarding standards for surgical 
trials, which was published in the March issue (Ann 
Thorac Surg 27:284, 1979). The signatories appear to 
want nothing less than (1) universal randomized 
clinical trials of surgical treatment and (b) prevention 
of publication unless this "equal standard" is met. 
These ideas require serious consideration. 

Does the letter actually advocate universal ran- 
domized surgical trials? "Moreover, there is every 
reason for their application from the very first [italics 
mine] clinical trial of each treatment." You bet. What 
is wrong with this approach? It would deny the sur- 
veys of early clinical experience, which are necessary 
to show that a new treatment is potentially safe and 
effective. If a large-scale trial was indicated, such 
survey studies could be vital to trial design, particu- 
larly in assigning proper stratification and avoiding 
prerandomization bias. 

But isn't a randomized trial always the best way 
to scientific truth? Not necessarily. For example, a 
Veterans Administration Cooperative Study of 
thalidomide would have been unlikely to reveal its 
disadvantages because of the infrequency of preg- 
nant women in the study population. On a more 
realistic level, comparison with historical controls 
often is able to demonstrate therapeutic effectiveness 
more safely than a study with concurrent living con- 
trols: for example, penicillin in the treatment of sub- 
acute bacterial endocarditis and such operations as 
total correction of tetralogy of Fallot, repair of ven- 
tricular septal defect, pericardiectomy for constrictive 
pericarditis, and cardiac valve replacement. 

Can a randomized study obscure scientific truth? 
On the record, yes. The study of the University 
Group Diabetes Program [5] continues to generate 
uncertainty and controversy among those who man- 
age diabetic patients. Similarly, many well-known 
trials of anticoagulation therapy during myocardial 
infarction showed beneficial effects that were misin- 
terpreted as "insignificant" because statistical sig- 
nificance was not achieved. Much later, when the 
results of these studies were combined, statistical 
significance was reached because of sufficient num- 
bers, and the improvement with treatment was rec- 
ognized as a true effect [1]. 

Our “credulous idolators" [2] of randomization 
would do well to direct their editorial energies to- 
ward calls for better experimental design in ran- 
domized trials, minimization and open acknowl- 
edgment of inevitable bias, improved stratification 
of risk groups, and a fuller disclosure of data in pub- 
lished reports. 

The recommendation that The Annals adhere to the 
so-called equal standards would be amusing were it 
not so dangerous. There are many pathways to sci- 


entific truth, especially in the realm of methodology. 
On one hand, they are bounded by the "thought ex- 
periments” of an Einstein and, on the other, by the 
report of a single case that illuminates a previously 
dark corner. The ominous call for an "explicit" edito- 
rial policy aimed at excluding from publication all 
but randomized trials would eliminate such useful 
clinical research techniques as matched-pair or Cox's 
regression analyses [4]. These methods can be 
applied to nonrandomly selected patients who may 
be more representative of the population of interest 
than are randomly selected patients from highly 
biased samples. The field of biostatistics is con- 
stantly evolving, and new alternative clinical trial 
strategies undoubtedly will emerge. Their applica- 
tion should not be precluded. 

I urge the editors and reviewers of The Annals of 
Thoracic Surgery to continue to adhere to their own 
high standards for publication. Their previous ef-. 
forts in seeking better standardization of terms, 
classification of diseases, and methods of data analy- 
sis are exemplary [3]. Honesty of reporting, accuracy - 
of observation, clarity of exposition, and advance- 
ment of knowledge are the criteria that should de- 
termine publication. There are many pathways to 
scientific truth. 


Richard P. Anderson, M.D. 


Department of Surgery 
The Mason Clinic 

1100 Ninth Ave 
Seattle, WA 98111 
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Reply 

To the Editor: 

“Equal standards for therapeutic trials of all 
therapies" implies that we should subject new oper- 
ative therapeutic interventions to as rigorous a test- 
ing as we subject nonoperative therapeutic interven- 
tions. The very fact that new operations are much 
more likely to be associated with immediate harm 
(i.e., operative mortality and morbidity) than new 
medical therapies (which presumably have received 
extensive testing in animals) emphasizes the need for 
this kind of objectivity. There is no doubt that this 
places a greater burden on the persons studying the 
intervention—operative procedures are undoubtedly 
harder to subject to prospective randomized con- 
trolled trials—but experience has shown that it can 
be done. Our letter stressed that, ethically, it should 
be done. Subjecting any new procedure to a ran- 
domized controlled trial implies that we do not 
know what the outcome of the new procedure will 
be, just because it is new, and that we believe that 
the surest way to find out is to test the procedure in 
the most objective way we know. 

Dr. Anderson raises an important issue, which is 
argued even among proponents of randomized con- 
trolled trials. This issue is whether to randomize 
from the very first case or to wait and run the trial 
after sufficient experience with the new procedure 
has been obtained to allow the operation to be per- 
formed with reasonable facility and “an acceptable 
mortality." Those who argue for a randomized con- 
trolled trial from the very first case use medical ethics 
to support their argument that it seems only fair to 
allow the earliest candidates for an unproved opera- 
tion a 50/50 chance of avoiding the new, untried, and 
potentially dangerous procedure. Supporters of the 
opposite view think that patients who believe their 
condition intolerable and are willing to take the risk, 
should be allowed to do so. 

Proponents argue that randomizing from the very 
first case might have prevented continued testing of 
the aortocoronary bypass graft operation until suffi- 
cient expertise and experience had been gained to 
allow the operative procedure a fair trial. The trial 
might have been called off for ethical reasons if, for 
example, the operative mortality reported in the early 
years of the operative experience with bypass grafts 
to the left anterior descending artery had been 
weighed against mortality with medical treatment for 
these patients. In this regard, operative procedures 
do differ from pills—their optimal therapeutic effec- 
tiveness is not reached with the very first applica- 
tion. 

On the other hand, if the procedure of the internal 
mammary implant had been subjected to a ran- 
domized controlled trial, it seems reasonable to sup- 
pose that many needless operative procedures (and 
deaths) might have been avoided. The implant oper- 
ation is not the only example of procedures begun by 


proponents, widely applied by others, and then 
gradually abandoned, all three stages occurring with 
no help from an objective controlled trial. 

Pointing out the imperfections of controlled trials 
of this nature (and there are many) does not add in- 
creased validity to the arguments for abandoning 
them. It calls for increased ingenuity in attempting to 
solve the problems inherent in such trials. Further, 
not all therapeutic interventions in medicine or sur- 
gery should be required to undergo a controlled 
randomized trial. Dr. Anderson chose an example: 
subacute bacterial endocarditis and penicillin treat- 
ment. This seems inappropriate because there was 
enough evidence of the devastating outcome prior to 
the use of antibiotics that their efficacy could be 
demonstrable if even a very small number of pa- 
tients recovered. There are many examples of new 
therapies that so clearly alter the outcome that a con- 
trolled trial would be both unethical and unnecessary 
(e.g., hyaline membrane disease and bacterial or 
fungal meningitis). Controlled trials are needed only 
when there is sufficient doubt about the relative risks 
and benefits of a new treatment that it is not only 
ethical but necessary to conduct a trial in order to as- 
certain, as expeditiously as possible, where the truth, 
as best we can determine it, lies. 

Can a randomized controlled trial obscure “scien- 
tific truth"? asks Dr. Anderson. How is that elusive 
ideal to be best identified? By uncontrolled trials, 
perhaps? The fact that some randomized controlled 
trials have not elicited clear-cut differences that have 
been unanimously accepted means to us that some 
"scientific truths" are much more difficult to arrive at 
than others, even by the most scientifically rigorous 
methods known, but does not weaken the validity of 
the method. The more nearly the outcomes achieved 
by one or another treatment modalities are similar, 
the more difficult it may be to identify scientific 
truth. Randomized controlled trials are imperfect, as 
most tools and methodologies are. They are simply, 
for some clinical problems, the best available. 

Dr. Anderson mentions "inevitable bias.” It would 
be good to know of a better technique for attempting 
to eliminate inevitable bias than a randomized con- 
trolled trial. Elimination of bias, or the attempt to 
eliminate it, is one of the major reasons for conduct- 
ing such a trial. 

I think Dr. Anderson interprets the meaning of our 
letter rather more rigidly than was intended. Case 
reports, Einsteinian inspirations, and the like are not 
to be relegated into limbo. Our call for the editors 
and reviewers “to consider an explicit policy of equal 
standards for therapeutic trials of all therapies" im- 
plies just what it states: that claims should not be 
made about the results of operative procedures, any 
more than for pharmaceutical agents, in areas in 
which there are reasons to think that the selection of 
the patient for a particular therapy may have had as 
much to do with the outcome as the therapy to which 
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the outcome is attributed. Editors and reviewers are 
fairly good judges of what clinical conditions and 
what surgical procedures would seem to be reason- 
able subjects for such trials. In such areas, reports of 
uncontrolled studies would be viewed more criti- 
cally, and their authors might be required to provide 
additional evidence for claims of validity. If, in fact, 
ideal conditions always prevailed—including the 
establishment of prospective criteria for inclusion in 
a trial, with all patients meeting the criteria and with 
uniformity of classification of clinical groups, accu- 
racy of observation and of data collection, and 
scrupulous honesty of reporting—there might well 
be fewer operative procedures being performed after 
many decades about which there still remains con- 
siderable doubt. Prospective randomized controlled 
trials provide a reasonable alternative (though not a 
perfect one) for avoiding some of the difficulties of 
the past. 


Timothy Takaro, M.D. 
Surgical Services 
Veterans Administration 
Asheville, NC 28805 
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Arthur Selzer, M.D. 
University of California 
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Cardiac Valve Replacement 
To the Editor: 


A cardiac surgeon reviewing current literature to 
determine which prosthetic valve to use would reach 
conclusions that differ from those of Dr. Roberts in 
his editorial “Factors Determining Outcome of Car- 
diac Valve Replacement” (Ann Thorac Surg 27:101, 
1979). Actuarial survival at five years following aortic 
valve replacement is 74 to 80% whether the valve 
used is a Smeloff-Cutter, Starr-Edwards (bare-strut 
or cloth-covered), Bjórk-Shiley, or Hancock porcine 
xenograft. Also, five-year survival after mitral valve 
replacement is similar for these valves. Overall 
long-term survival figures are not significantly al- 
tered in series in which valves with known lethal 
complications, such as valve thrombosis or poppet 
escape, were employed. With the four valves men- 
tioned, at least, current analysis does not support the 
statement that "the most important factor determin- 
ing the long-term outcome of valve replacement is 
the type of substitute valve inserted." Rather, the 
factors of age, preoperative heart size, and functional 
class recur as the dominant predictors of long-term 
success or failure. Valve selection does need to be 
individualized and surgeons must be aware of the 
hemodynamic, thromboembolic, and durability 
characteristics of the prosthesis they choose. None of 
the current prostheses are perfect, but those who 
think that simple selection of a valve will change un- 
satisfactory results are referred to a consecutive series 
of 100 patients who underwent aortic valve replace- 
ment fifteen years ago without mortality. The pros- 
thesis used is not considered ideal, but their long- 
term survival is consistent with the best results using 
other prostheses. 


Donald J. Magilligan, Jr, M.D. 


Division of Cardiac and Thoracic Surgery 
Henry Ford Hospital 

2799 W Grand Blvd 

Detroit, MI 48202 
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lated for the rigors of j 
extra-corporeal pump- MA 
ing. Each ingredient has a er 
been carefully selected 
to provide superior 
characteristics, such as 
good memory and re- 
sistance to spallation and rupture. 

The result is a tubing that combines the 
strength and durability required to withstand 
hours of pump abuse, with the flexibility 
needed for superior pumping performance . . . 
the best of both worlds. 





Laser-extruded 


for precision tolerances. 

To assure uniform 
inner and outer diam- 
eters, Norton employs 
sophisticated laser mi- 
crometers, which con- 
tinually monitor the 
tubing as it is extruded, 
and can sense dimen- 
sional variances up to 


+ .0004”. 
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More importantly, these closed-loop feed- 
back laser systems actually control the extru- 
sion process for total uniformity. This helps 
prevent weak spots in the tubing wall, prime 
candidates for rupture. Plus, uniform tubing 
dimensions mean that flow rates can be more 
precise. 


Tested for biocompatibility to 


Class VI standards. ..and beyond. 

Tygon S-50-HL tubing has been extensively 
tested and documented for biocompatibility 
ever since its inception. Every batch of raw 
material is quarantined and rigorously tested 
by an independent laboratory before produc- 
tion can begin. 

Tests include those for acute toxicity, acute 
intracutaneous reactivity, intramuscular reac- 
tivity, pyrogenicity and neurological reaction. 
Any evidence of any trouble from any test and 
the entire batch of raw material is rejected. 

For your further assurance, we test Tygon 
tubing beyond what is required. We also test it 
for ethylene oxide residue, for hemolysis, for 
in-vitro coronary perfusion 
— including coronary flow 


rate, and myocardial con- Seekers 
tractibility, and in-vivo 
blood pressure determina- 
tion. Again, if one ounce of 
trouble appears, all material 


is rejected. 


The assurance of Tygon tubing. 


Demand it. 

Don't be misled by claims of parity. There 
is only one tubing with more than 25 years of 
consistently excellent service backed up by a 
billion-dollar company . . . Tygon tubing. 

So you can be sure that you're using Tygon 
S-50-HL tubing, we brand every foot with 
formulation and size. If the tubing you use 
doesn't have these distinctive markings along 
its side, it's not genuine Tygon tubing. 

There’s no need to sacrifice the assurance 
and dependability that Tygon tubing brings to 
enjoy the convenience of pre-made heart- 
lung packs. All you need to do is specify it — 
by name. 





Tygon tubing... 
the vital link between patient and pump. 


Call toll-free 1-800-321-9634 


LLL PLASTICS AND SYNTHETICS DIVISION 


PO. BOX 350 AKRON. OHIO 44309 TEL: (2/8) 630-9230 


CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialities. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times the number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, to: Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, 32, university 
trained, seeks position. Experienced in adult cardiac, 
thoracic, and peripheral vascular surgery. Available July, 
1980. 


Please respond to W-204, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 35, 21/2 years of pri- 
vate group practice, desires to relocate with similar group in 
southern city. Trained at major midwestern center, ABS, 
ABTS certified. Experience includes adult cardiac, thoracic, 
and major and peripheral vascular surgery and endoscopy. 


Please respond to W-206, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 31, ABS certified, 
ABTS eligible, completing residency at University of AI- 
berta, Canada, seeks practice in adult cardiac, vascular, or 
thoracic surgery. Will consider all locations. 


Please respond to N. Ioannou, 9315 Jasper Ave, #11, Ed- 
monton, Alberta, Canada T5H3P3; tel: (403) 429-0716. 


Cardiovascular and thoracic surgeon, 35, ABTS certifica- 
tion, presently in private practice in thoracic and peripheral 
vascular surgery, would like to relocate in practice of adult 
cardiac and thoracic surgery. 


Please respond to W-209, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Physician's assistant, 32, NCCPA certified, seeks position 
with cardiothoracic surgeon in private setting. Two years' 
experience in busy university position. 


Please respond to W-213, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 34, trained at major West Coast 
medical center, ABS certified, ABTS eligible, experienced in 
all facets of adult and pediatric cardiothoracic surgery, 
presently in academic position, seeking active private prac- 
tice partnership. Prefers West Coast location. 


Please respond to W-214, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





SITUATIONS AVAILABLE 


Cardiac surgeon with intense experience in open-heart sur- 
gery in infants and children and adult cardiac cases desired 
to join geographic full-time program with established 
university-affiliated cardiac surgical program. 





Send curriculum vitae with letters of reference to Norman B. 
Thomson, Jr., M.D., Director of Cardio Thoracic Surgery, 
St. Francis Hospital, Port Washington Blvd, Roslyn, NY 
11576. 


Pediatric cardiac anesthesiologist with experience in 
open-heart surgery in infants and children and adult car- 
diac experience desired to join geographic full-time pro- 
gram with established unversity-affiliated cardiac surgical 
program. 


Send curriculum vitae with letters of reference to Norman B. 
Thomson, Jr., M.D., Director of Cardio Thoracic Surgery, 
St. Francis Hospital, Port Washington Blvd, Roslyn, NY 
11576. 


Thoracic and cardiovascular surgeon with ABTS certifica- 
tion or eligibility wanted to join two busy surgeons in Bos- 
ton. University-affiliated practice limited to thoracic and 
cardiac surgery. 


Please send curriculum vitae to A-155, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 


Thoracic and cardiovascular surgeon wanted. Must be 
Board-certified in general surgery, Board-eligible or cer- 
tified in thoracic surgery. 


Please respond to A-158, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Associate sought in private practice limited to thoracic, pe- 
ripheral vascular, and pacemaker surgery. Metropolitan 
area on East Coast. ABTS certified or candidate. 


Please respond to Marvin L. Kolkin, M.D., P.A., 1015 
Spring St, Silver Spring, MD 20910; tel: (301) 588-1080. 


Thoracic surgeon, Board certified or eligible, wanted to 
join two others in busy university-affiliated practice cov- 
ering all aspects of thoracic surgery, except open-heart sur- 
gery. Practice located in lovely suburban community near 
New York City. Recent graduate preferred. 


Please respond to A-160, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon wanted for rapidly 
growing cardiac surgery program in Midwest. Adult car- 
diac, general thoracic, and vascular surgery. Applicant must 
be ABTS eligible or certified. Salary first year; then full 
partnership. 


Send curriculum vitae to A-161, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 





Expanding, central Connecticut, multispecialty clinic seeks 
thoracic-vascular surgeon, Board certified or eligible. 


Please send curriculum vitae to A-162, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 





Fellowship in pediatric cardiovascular and thoracic sur- 
gery. One-year program beginning July 1, 1980, includes 
emergency newborn surgery as well as elective closed and 
open cardiac surgical procedures. 


Please respond with curriculum vitae to A-163, The Annals 
of Thoracic Surgery, C-7079 University Hospital, Ann 
Arbor, MI 48109. 





Fellowship in thoracic and cardiovascular surgery available 
1980. 


Contact Drs. Urschel and Razzuk, Baylor University Medi- 
cal Center, 3500 Gaston Ave, Dallas, TX 75246; tel: (214) 
824-2503. 





Cardiovascular surgery clinical fellowship. Adult cardiac, 
peripheral vascular, and general thoracic surgery. 


Reply with curriculum vitae to John B. Flege, Jr., M.D., Di- 
rector, Department of Cardiac Surgery, The Christ Hospital, 
2139 Auburn Ave, Cincinnati, OH 45219. An Equal Op- 


portunity Employer. 





Thoracic and cardiovascular surgeon wanted to join surgery 
section in busy multispecialty clinic. Midwestern univer- 
sity city. Board eligibility or certification required. Excellent 
opportunity for young, enthusiastic surgeon. 


Please respond to A-166, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Full-time academic position in cardiothoracic surgery 
available at assistant professor level. Clinical competence 
and demonstrated interest in research and education es- 
sential. Attractive terms. 


Please respond to A-167, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 

uL diui DIL. INNEN TREN ET UE LEES 
Established thoracic, peripheral vascular surgeon seeking 
associate. No cardiac surgery. Located in northeastern 
Ohio. Corporate benefits, excellent future, available imme- 
diately. Board eligibility required. 


Please respond to A-168, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Four cardiothoracic fellowships available. Applicants 
should have completed general surgical training with spe- 
cial interest and/or training in thoracic and cardiovascular 
surgery. Ultramodern cardiac facility, teaching affiliation 
with university, strong Program in pediatric and adult car- 
diac surgery. Salary $34,000, plus excellent fringe benefits. 


Send curriculum vitae with letters of reference to Norman B. 
Thomson, Jr., M.D., Director of Cardio Thoracic Surgery, 
St. Francis Hospital, Port Washington Blvd, Roslyn, NY 
11576. 














Sportsmedicine 


is expert body work 


For dedicated athletes and weekend exercisers alike, B5 
THE SPORTSMEDICINE BOOK is the one compre- 
hensive medical and training handbook that gives the 
latest research, discusses the controversies and sepa- 
rates myth from fact. Gabe Mirkin, M.D., tells you 
what you need to know about: 

B Salt tablets, and why you must never take them 

= Carbohydrate packing —how to, when not to 


8 The 5 training rules you must always Bx 
follow & 4 i V B 
B Cortisone shots: how they can hurt youi Di d Y Y 
m What to do for tennis elbow 
E Pregame sex —will it hurt your performance? 1 
w How to predict and prevent stress fractures and other | 
injuries 4 
B Extra potassium: why it is more important than extra protein 
m Water intoxication and how to avoid it 
B and hundreds of other tips, rules and facts, including diets, 
self-treatments and programs. 


THE 
SPORTSMEDICINE 
BOOK 


by Gabe Mirkin, M.D. and Marshall Hoffman 






b 
™ 


^, “This is the book every blistered, aching, ailing 
athlete has long needed. If I’d been able to reac 

it when I first decided to get my sagging middle 
/ aged body into shape, I could have avoidec 

f most of the agonies I experienced: 
—James F. Fixx, author o 

THE COMPLETE Book OF RUNNIN( 


“My number one Christmas presen 
this year for my ‘athletic’ friends. 
—Arthur Ashe 


Gabe Mirkin ? 


Listen to” on CBS radio. 
Hardcover $12.50 


Paperback $6.95 
A Literary Guild Alterni 


At bookstores 


Little, Brown 
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Repositionable: 
Retractable prong 
allow repositionin 
if the pacing site 
proves unsatisfac 
tory at implant. 
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Only Biotronik's pronged active fixation 
electrode can make these two points. 
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At last, intra-aortic 
. balloon pumping 
without surgery. A 


Datascope introduces 
the PERCOR” balloon . 
for percutaneous / 
insertion. 





— 








Iliac artery 





Sheath 


Inguinal ring 


For all of its benefits, intra-aortic balloc 
pumping has had one ever-present shortcc 

ing. The balloon had to be inserted and 

removed surgically. 

Fomoral The Datascope*PERCOR balloon” puts ar 

artery | end to all that. 

This remarkably innovative device is easih 
and quickly inserted through the skin, using | 
Seldinger catheterization technique. 

The surgical insertion that used to take 20 tc 
minutes is now completed without surgery in 
approximately 5 minutes. Further, removal is accor 
plished in minutes without surgery as well. 
With this new technique, it is apparent that intra-aortic ballc 
pumping, when indicated, will be used by more medical speciali 
in a wider variety of clinical settings for the benefit of increasing 
r numbers of patients. In the ope 
l ing room, the catheterization lat 
| 






Catheter 
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CCU and emergency room. By 
surgeon, the radiologist, the 
cardiologist. 

We would be pleased to senc 
you more information about our 
revolutionary device and to 
schedule a filmed demonstratio 
of its use. Call Robert Rewolinsl 
Manager, Cardiac Assist 
Products, at 201-265-8800 
or write him at Datascope Corp 


Dept. #5-G, 580 Winters Avenu 


PERCOR™ balloon PERCOR™ inflated. Paramus, NJ 07652. 
ready for insertion. 


The Datascope PERCOR" intra-aortic balloo 


Clinical reference: Preliminary Clinical Experience With Percutaneous Intra-Aortic Balloon Pumping (IABP), V. A. Subramanian, Jonathan Goldstei 
Thomas A. Sos. John C. McCabe, Eddie Hoover & William A. Gay, Jr., New York Hospital, New York, NY. Abstract publishec in CIRCULATION, Par 





for aortic valve replacement, the lonescu-Shiley Pericardial Xenograft has shown outstanding perform- 
ance characteristics in the mitral position as well. 


MI Actuarial analysis of mitral valve replacement data indicates excellent long-term survival. 


L] The embolic incidence is low even without the use of anticoagulant. 
|| In-vitro studies indicate hydraulic function superior to other tissue valve substitutes. 


For further information on the Pericardial Xenograft, contact your Shiley Representative — USA 
(714-979-0500), or International Representative — Telex No. 68-5585, or write: 


Shiley, Inc. 

17600 Gillette Avenue 

Irvine, California 92714 

(714) 979-0500 

(800) 854-3683 

(800) 854-3684 

Cable: SHILEYSLIRIN 

Telex: 68-5585 

Mailing Address: 

P.O. Box 11707 

Santa Ana, California 927 
an integral member of the open heart team 





INDEX TO ADVERTISERS Intermedics Pulse Generators 


INDICATIONS AND CONTRAINDICATIONS 


The indications for cardiac pacemaking are increasing as pacemakers become 
more sophisticated and as advanced methods for patient management become 
more widespread. Generally accepted indications for long-term cardiac pacing 
include but are not limited to: (1) sick sinus syndrome; (2) chronic. symptomatic 
drug-resistant sinus arrhythmias, including sinus bradycardia, sinus arrest, and 
sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, symptomatic 


Bentley Laboratories, Inc. second-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome; 
Cardiotomy Reservoir Cover 2, A-1 (5) bradycardia-tachycardia syndrome; (6) symptomatic bilateral bundle branch 
block; and (7) hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
: addition, certain patients presenting with intractable, recurrent, congestive heart 
Ethicon, Inc. failure; cerebral or renal insufficiency; or recurrent, drug-resistant tachyarrhythmias 
Prolene A-2 who have been shown to benefit from temporary cardiac pacing are considered 


candidates for permanent cardiac pacemaking. 

: The indications for permanent pacing in the presence of acute myocardial 
Cardiac Pacemakers, Inc. infarction have not yet been rigorously defined. Factors to be considered include 
Pacemaker A-4 the location of the myocardial infarct, the presence or absence of symptoms, ven- 
‘tricular rate, mechanism of the arrhythmias, and response to therapy. In general, 
symptomatic drug-resistant bradyarrhythmias which impair cardiac output are cons- 
idered indications for pacing in patients with acute myocardial infarction, regard- 


William Harvey 


Oxygenator A-6 less of infarct location. 
There are no known contraindications to the use of pacemakers as a medical 
: method for control of heart rate. However, body rejection phenomena such as 
Ethicon, Inc. od tor control « y rejection phenc suc 


local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported. 


Proximate A-8, A-9 





Vitatron Medical, Inc. CAUTION: Federal (U.S.A.) law restricts this device to sale 
C1000/C4000 A-10, A-11 by or on the order of a physician. 
Davis and Geck NOTE: The CyberLith and the CyberLith Programmer are currently 
Ti-Cron A-12 undergoing clinical evaluation. 
W. L. Gore and Associates, Inc. yp & A: , 
Gore-tex . A-13, A-14, A-15, A-16 y Int rmed ! 
| ermedics lnc. 

i P Inc. N UY ° ° ° TM 

Santia Pacemakers, Ine Our business is life: 


Microthin insert, text 


Pacesetter Systems, Inc. 
Programalith insert, text 





Travenol Laboratories, Inc. 


TMO Oxygenator insert, text Just published! 

V. Mueller the 8th edition of a cardiac classic 

— a Nomenclature and Criteria for 

cineri... PRA Diagnosis of Diseases of the 
in. Heart and Great Vessels 


ANM MINER C By the Criteria Committee of the 
New York Heart Association 


Medical Technical 


Biotronix A-36 Revised in light of the newest knowledge on cardiol- 
ogy for its eighth edition, this definitive reference con- 
Datascope Corporation tains information of inestimable value in understand- 


Percor Balloon  A-37 ing heart disease. The patient's overall cardiac status 


and prognosis is described in terms of the most current 


EY Laboratories diagnostic techniques. NOMENCLATURE AND CRITERIA 
Heart Valve A-38 "lich 
helps you to assess accurately each individual patient 
Intermedics, Inc. based on etiologic, anatomic, and physiologic diag- 
CyberLith A-39, A-40, Cover 3 nosis. Acomprehensive appendix includes an analysis 


of plain chest roentgenograms as used in heart dis- 
ease diagnosis and extensive 
electrocardiographic tables. 
Well illustrated with excellent 
electrocardiographs and fully 
indexed, this eighth edition 
maintains the high standards of 
quality set by its predecessors. 


349 pages illustrated 


The Purdue Frederick Company 
Betadine Cover 4 


Advertising Representative 
Ronald Park Davis, Inc. 
PO Box 643 


Ridgewood, NJ 07451 Cloth, 44605360, $13.95 
(201) 444-8660 Paper, #605379, $9.95 
Order today from 





Little, Brown and Company 


Medical Division, 34 Beacon Street 
Boston, Massachusetts 02106 
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Thanks to a CyberLith™ 
pacemaker Connie’s life is 


back on track. 


FOR PATIENTS, LIKE CONNIE, WHO DON’T RESPOND 
TO DRUG THERAPY, A CYBERLITH CAN PROVIDE A 
NORMAL, ACTIVE LIFE. 


Less than four months after her pacemaker implant Connie 
Yanosick finished 98th out of 409 participants in an annual 
nationally sponsored 6.2 mile race. Connie is an active young 
woman. She is assistant coach of the women’s basketball team at 
Mount Aloysius College in Cresson, Pennsylvania, where she is 
studying to be an occupational therapist assistant. She is also a 
resident advisor in her dormitory and treasurer of the school’s 
Occupational Therapy Club. 


Like any college student, Connie enjoys visiting with her 
friends for late-night talk sessions. Classmates majoring in nursing 
frequently check Connie's pulse just to experience what they term 
the pacemaker “click-in.” A member of an athletic family, twenty- 
year-old Connie still rough-houses with her siblings who don’t 
consider her to be “fragile or different.” 


Obviously, Connie is a happy, healthy young woman. Her 
bradycardia is controlled by a CyberLith. Of course her personal 
lifestyle will change over the coming years. But the multi- 
programmable CyberLith will permit her physician to accommo- 
date her changing physical requirements. We feel very certain that 
Connie will experience a lot of living in the future. 


Connie’s CyberLith is just one model in the growing family 
of specialized CyberLith pacemakers. Thin and lightweight, 
CyberLith pacemakers permit noninvasive adjustment of stimula- 
tion rate, pulse width, sensitivity level and pacing mode. And, 
the CyberLith has a longer history of reliability than any other 
programmable multi-parameter pacemaker line. CyberLith 
put Connie back on track. It could be the pacemaker of choice 
for your patients. 


4 Wa ə 
ntermedics lnc. 
PO. Box 617 Freeport, TX 77541 


Tel: 713/233-8611 
Toll Free: 800/231-2330 


Our business is life. ™ 
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Pathogens don’t compromise. 
Why shouid you? E im 


Sens 













Just one pathogen species missed by i 
antiseptic can cause serious problems. That is is V OX CONO 
why scrubbing and prepping leave no room for idt il h Ex 7 
compromise with the a'^3lity of an antiseptic. | ES s s ax 

A small difference in cost is not worth the risk. 






BETADINE Microbicid mptly kill . I « —-—— 
ram-positive id n nenas Bacteria, Uncompr OMISING ^" 
ungi, viruses, protozoa and yeasts. antisepsis for scr ubbing 


BETADINE Microbicides have been i 
documented specifically by name—and in the and prepping : 


same formulations you employ in practice— 

in over 650 published reports encompassing 

thousands of clinical procedures. ® 
BETADINE Microbicides were also chosen 

by NASA for disinfection procedures in Apollo 

splashdowns and in the Skylab mission. ® 


*In the rare instances of local irritation or sensitivity, 
discontinue use by the individual. 


— — BETADINE Surgical Scrub*—for surgical Purdue Frederick 


scrubbing and patient degerming. © Copyright 1980, The Purdue Frederick Company/Norwalk, CT 06856 
_____ BETADINE Solution or BETADINE pro agus 
Aerosol Spray—for patient prepping and Chosen for Use 
postoperative antisepsis on INCISIONS. at the 1980 
Olympic 


Winter Games 
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Another consistent performance by both 
he open heart team and the Shiley 100 A 
xygenator which has proven itself to be a hard 
ct to follow. Heat exchanger performance 
actor as high as 0.7. Blood flow range 1 to 6 
ters per minute. Gas to blood flow ratio 0.6 to 
0:1. For in-vitro and clinical results, see your 
philey Representative or call: 


Shiley, Inc. 


1/600 Gillette Avenue 


x | iioi 
Irvine. California 92714 
VAL FAS 08500 
? (800) 854-3683 


(800) 854-3684 


Cable: SHILE YSLIRIN 


integral member of the open heart team Telex: 68-558 


Mailing Address 
PO Box 11707 
Santa Ana. California 927 
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Were proud to introduce 


Vereen 


to you as the first phase 
in our pacing program 
for the future. 


Filio ole affords you traditional CPI. reliability plus 
important patient benefits, including: 


"ms 


e Slim 11 mm Profile 
e Light Weight 
e Predictable, Precise Replacement Indi€ator 
e Improved Defibrillation Protection 
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Consistency is our hallmark. 

The time to discover off-grade tubing is at 
our facilities, not yours. That's why the scrupu- 
lous care with which we manufacture Tygon 
tubing extends throughout our rigid quality 
control process. 

Norton employs dozens of intense quality 
control checkpoints, each documented to pro- 
vide complete traceability. Sophisticated in- 
strumentation assures total uniformity of physi- 
cal quality. Which means you can depend on 
Tygon tubing to provide consistently excellent 
service. 


Supple yet strong 
— the perfect blend. 

Tygon S-50-HL tub- 
ing is specifically formu- 
lated for the rigors of g 
extra-corporeal pump- S £ 
ing. Each ingredient has paf 
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to provide superior 
characteristics, such as 
good memory and re- 
sistance to spallation and rupture. 
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More importantly, these closed-loop feed- 
back laser systems actually control the extru- 
sion process for total uniformity. This helps 
prevent weak spots in the tubing wall, prime 
candidates for rupture. Plus, uniform tubing 
dimensions mean that flow rates can be more 
precise. 


Tested for biocompatibility to 
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tested and documented for biocompatibility 
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by an independent laboratory before produc- 
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intracutaneous reactivity, intramuscular reac- 
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S-50-HL tubing, we brand every foot with 
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There’s no need to sacrifice the assurance 
and dependability that Tygon tubing brings to 
enjoy the convenience of pre-made heart- 
lung packs. All you need to do is specify it — 
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Spectrax™..an exceptional new family of 
pacemakers from Medtronic...provides an 
abundance of viable alternatives for meeting 
individual patient needs. 

Spectrax-VL...a small, simple, demand 
pacemaker for longer service life. 

Spectrax-SX ...the smallest, most versatile 
programmable pacemaker yet, for precise 
noninvasive adjustment of rate, pulse width, 
sensitivity, refractory period, hysteresis, pulse 
amplitude and pacing modes, can be used as a 
ventricular or atrial pacemaker. 

Both the Spectrax-VL pacemaker and the 
Spectrax-SX pacemaker have the Medtronic 
Pacing for Life™ warranty. 

The Spectrax family provides for precise 
management of a wide variety of conditions. 
This extensive flexibility can make possible a 
more comfortable, normally active life for 
many patients. 





Medtronic leads the way 
to man’s heart with a remarkable 
new generation of pacemakers. 


SPECTRAX. 


...broadening the spectrum of precise patient management 
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Intended Uses—Ventricular pacing using an implantable 
ventricular pulse generator and lead system are for long- 
term therapeutic control of heart rate in patients with im- 
pulse formation or conduction disorders leading to bradyar- 
rhythmias, tachyarrhythmias and heart block (see product 
labeling for detailed list of intended uses). An atrial pulse 
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Contraindications—There are no known contraindications 
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of heart rate in patients with normal conduction systems. In 
certain patients with anomalies of the conduction system 
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benefited or harmed by cardiac pacing. Therefore, elec- 
trophysiologic studies are required prior to therapeutic ap- 
plication of pacing. In addition, the patient's age and medi- 
cal condition may dictate the particular pacing system and 
implantation procedure used by the physician. 
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pacemakers because of possible heat damage to elec- 
tronic components. Electrosurgical units should never be 
used in the vicinity of unipolar pulse generators or bipolar 
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of danger of introducing fibrillatory currents into the heart 
via the implanted pulse generator/lead. Pulse generators 
may be damaged by defibrillatory discharges if the paddles 
are placed over the implanted pulse generator. (See prod- 
uct labeling for a complete list of warnings and precau- 
tions.) 


Precautions—The physician should be aware that all pulse 
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pletion and may fail at any time due to random component 
or battery failures which cannot be predicted prior to failure. 
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time due to lead-related problems such as displacement, 
fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be 
affected by electrical interference from certain electrical 
equipment. 
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erosion of pulse generator/lead through skin, transvenous 
lead-related thrombosis, embolism and cardiac tam- 
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Model 9700/9701 Programmers 


Intended Use—The Medtronic® Model 9700 and 9701 Pro- 
grammers are designed to be used by a physician for 
noninvasively programming the Medtronic? pulse 
generators listed in their respective technical manuals. The 
programmers may also be used to measure the rate and 
pulse width of implanted pacemakers. 

There are no known contraindications or major poten- 
tial complications associated with use of the programmer. 
However, these devices should not be used without prior 
study of the technical manual supplied with each pro- 
grammer. 


Warnings —The programmers should only be used for pro- 
gramming the Medtronic® pulse generators designated in 
the respective technical manuals. Direct stimulation by 
energy coupling may occurif the programmers are used on 
other implanted devices. The programmers are not compat- 
ible with pulse generators of other manufacturers. See 
product labeling for a complete list of warnings and precau- 
tions. 


Subscription Service 


Attach your mailing 
label here 


and mail this whole 


form to 


The Annals of Thoracic Surgery 
Little, Brown and Company 

34 Beacon Street 

Boston, MA 02106 


Change of Address? 

Please give us 4 weeks advance notice. Attach the label 
for your old address above, write in your new address 
below. 


Entering a New Subscription? 

Check the box and fill in your name and address be- 
low. Include your check in the amount shown below. 
(To order a gift subscription please attach a separate 
sheet with full instructions and include payment.) 


Renewing? 

Check the box below, include your check in the 
amount shown below — and make sure your mailing 
label is correct. 


A Question, Complaint? 
We can serve you better and faster if you will enclose 
vour mailing label with any correspondence. 


Please send The Annals of Thoracic Surgery 
1 Year (12 issues) 


USA Canada Foreign 


[Individual $39.50 $40.50 $42.50 
Resident, Intern $29.50 $30.50 $32.50 
Institution $44.50 $45.50 $47.50 


[] New Subscription [] Renewal 


[] Payment enclosed 
in the amount of $ 


Name 
Specialty 
Address 
City 


State/Zip 


DAVIS+GECK 


Fora suture line that’s really secure... 









E ` 


- 





PELO c 
EMT 


— SURGILENE.- 


polypropylene monofilament suture. 


SURGILENE suture is smooth, strong, inert...and unlike other polypropylene Pw. 
sutures, it does not stretch excessively. So sutures stay where you place them, assuring 


you of a secure suture line. This pliable suture handles well and ties easily...and it's so 
smooth, it actually glides through tissue. 

Because SURGILENE is inert, scarring is minimal and complications few. And it f 
has a flex life unexcelled by any other synthetic monofilament. / 









For your convenience, SURGILENE is available in our unique, time-saving 
DIRECT DISPENSING packages. 





DAVIS+GECK 


American Cyanamid Company 
Pearl River, N.Y. 40965 





See next page for complete product information. 


DAVIS+GECK 


SURGILENE 


polypropylene monofilament suture 
comes in unique, time-saving 


DIRECT DISPENSING 
packages. 





Tear inner pack 


A 


diagonally to expose suture. 


'URGILENE®” polypropylene monofilament suture 


omplete Product Information 


ESCRIPTION 


JRGILENE polypropylene Suture. (clear or pigment- 
i) is a sterile, isotactic crystalline stereoisomer of a 
iear hydrocarbon polymer having essentially no un- 
turation. The pigmented suture contains Copper 
ithalocyanine Blue. 


CTIONS 

JRGILENE causes a minimal, transient, acute in- 
immatory reaction. This is followed by the formation 
a microscopic layer of fibrous tissue around the 
ture. The suture is not absorbed nor is it subject to 

gradation or weakening by the action of tissue en- 
mes. 


DICATIONS 
IRGILENE may be used wherever Nonabsorbable 


Surgical Suture, USP is recommended. 


Because of its lack of adherence to tissue, 
SURGILENE is efficacious as a pull-out suture. 


CONTRAINDICATIONS 
There are no known contraindications. 


WARNINGS 

Studies to determine the safe and effective use of 
SURGILENE Suture in eye surgery have not been per- 
formed. 


PRECAUTIONS 

As with other synthetic sutures, knot secunty requires 
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with additional throws if indicated by surgical cir- 
cumstance and the experience of the operator. 


DG 





DAVIS*GECK 


American Cyanamid Company 
Pear River, N.Y. 10965 


r 


— 


Then, pull suture out. 


There is an ongoing carcinogenicity study in rats, the 
results of which are not yet available. 


ADVERSE REACTIONS 

The most common adverse reaction noted during the 
clinical investigations with SURGILENE Suture was 
redness at the suture site, reported in up to 1575 in 
some study populations. Edema and/or infection at 
the suture site has been noted in up to 875 in some 
study groups. Infrequent adverse reactions reported 
include suture extrusion and dehiscence (2 cases 
reported). 


HOW SUPPLIED 
Available in USP sizes, non-needled or affixed to the 
various DAVIS + GECK ATRAGMATIC* needles 10/0 
thru 2 for pigmented sutures; 7/O thru 2 for clear, 
in one dozen and three dozen packages. 
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EDITORIAL 


To Be or Not to Be: A Thoracic Trainee or Flunky 


Albert F. Olivier, M.D. 


The period of training in thoracic surgery can 
be a source of enrichment; it can also result in 
disappointment and frustration. It can be a time 
for the trainee to evaluate his surgical commit- 
ment and grow in knowledge and experience. It 
is a time for the trainee to obtain maturity in the 
field of thoracic surgery, with or without the as- 
sistance of supervisors, or to falter because of 
personal failings or because of the educational 
immaturity, insensibility, or lack of ability of the 
program director and the attending staff. This 
disinterest in teaching or incompetence to teach 
among surgeon-teachers can be and has been 
the source and catalyst for the trainee's later 
personal discontent, professional mediocrity, 
and refusal of membership into some surgical 
societies. Those directors who dangle false 
hopes and promises and the Residency Review 
Committee for Thoracic Surgery (RRCTS), 
which has the power to define, correct, or ex- 
pose the improprieties of a program, might re- 
flect on the two short essays that follow. They 
deal with the qualities of a surgeon-teacher, the 
plight of abused trainees, and the moral, if not 
legal, obligation of the present thoracic 
societies and committees to actively confront 
the problem of, protest against the injustices of, 
and divest their interests in these programs. 


Of Program Directors and Attending Staff 

A program director has the power, the right, 
and the means to assess, encourage, or limit the 
potential of a prospective resident candidate, 
but he also must have the wisdom, the interest, 
the selflessness, and the enthusiasm to counsel 
and educate. It is not enough that he and his 
staff are excellent surgeons or administrators; 
they must have the sensitivities to address the 
molding of a future surgeon. It is not eneugh 
that the training program has all the required 
facilities to meet the technical needs of the pa- 
tient and the resident; its staff must be willing 


From the Department of Cardiothoracic Surgery, St. Francis 
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to cultivate and develop the resident’s mind 
and approaches to surgical problems. They 
must want to orchestrate a program wherein the 
student surgeon can become the student 
teacher and a "standard" surgeon with aspira- 
tions of excellence in his future practice, not a 
surgeon who leaves gladly because he is frus- 
trated with the quality of the residency and the 
indifference of the staff. The director and his 
staff are not meant to literally hold the resi- 
dent's hand to show or lead him to an answer, 
for the resident must already have the motiva- 
tion, initiative, and strong will to succeed. 
However, they should and must teach the stu- 
dent surgeon how to think, approach, and meet 
surgical problems. 

Normally, spot checking of a thoracic pro- 
gram is done by the RRCTS every two or three 
years on one- or two-day visits. The check cov- 
ers the teaching conferences held and the 
caliber of care and support rendered in the 
operative suites, in the intensive care units, on 
the regular floors, by the cardiopulmonary lab- 
oratories, and by the pathology department [1]. 
The evaluation also includes random sampling 
of charts and informal interviews with the at- 
tending surgeons. Yet the input of the residents 
is rarely, if ever, substantially considered, even 
though their views indicate the fruitfulness or 
barrenness of the program and their training 
and practice reflect the excellence or mediocrity 
of the teaching staff. In order that the attending 
surgeons of the training program maintain a 
standard level of teaching, they should undergo 
a special evaluation every one or two years by a 
review committee, and that committee should 
require a yearly written or oral assessment by 
the residents and fellows without fear of re- 
crimination. 


Of Residents and Fellows 

Residents and fellows can become an asset or 
they can be a liability to the program, a pawn or 
servant of its attending staff. It is to be hoped 
that the asset will be nurtured; the liability 
should be counseled to rethink his aspirations 
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and reassess his qualifications, although often 
he is simply cast away. Concomitantly, the pro- 
gram director who finds himself dealing with 
inordinate numbers of "human liabilities" or 
"failing assets" needs to take a strong look at 
his purpose and his program. 

A major problem in a number of these train- 
ing programs lies in the servitude of its candi- 
dates, a servitude camouflaged by the attending 
staff (during the initial interview and RCCTS 
evaluations) in their pretentious earnestness to 
teach. The young candidates often live in fear of 
their superiors and of ejection from the pro- 
gram. (This is especially true for foreign medical 
graduates whose residency in the United States 
is dependent on their being in the program.) 
They, therefore, become the institutionalized 
paramedics, the glorified physician assistants, 
the highly specialized interns, the poorly qual- 
ified thoracic surgeons. So many precious 
months and years of a person's training period 
used to accommodate the idiosyncrasies, the 
mind-wasting intents, and egocentric behav- 
iors of an indifferent staff; so many oppor- 
tunities gone forever; so much potential 
deferred or, in some cases, permanently sup- 
pressed! 

One should be mindful of residencies and 


fellowships that emphasize availability of as- 
sistance as opposed to teaching (or lack 
thereof). It must be ascertained that the accent 
of the staff's intent is on willingness to teach 
and exchange ideas and experiences, not on in- 
sulting manners, verbal assaults, and absent 
interest. 

Because the thoracic societies are striving for 
quality teaching and care, they should investi- 
gate the complaints of the residents and fellows 
and recommend corrective measures, discon- 
tinuation of the misconduct, or outright non- 
recognition of the thoracic program. This plea is 
being made because the state of mental servility 
in a thoracic program is still widely and 
passively tolerated; it is individually intolerable 
in terms of status and future self-professional 
growth. This state of affairs produces little ac- 
tive, instructive input, and demands suppor- 
tive public dictates and actions from the 
thoracic surgery societies to discourage its sur- 
vival. 
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Mucoepidermoid Carcinoma of the Trachea 
and Bronchus: The Case for Conservative Resection 
Robert H. Breyer, M.D., John R. Dainauskas, M.D., Robert J. Jensik, M.D., 


and L. Penfield Faber, M.D. 


ABSTRACT We report our experience with 5 pa- 
tients with mucoepidermoid carcinoma treated by 
conservative resection, and review the literature on 
the 62 patients previously reported. A visual bron- 
choscopic diagnosis of adenoma was made in all 5 
current patients. Bronchoscopic biopsy was per- 
formed in 4 and provided an accurate histological 
diagnosis in each. Conservative resection was ac- 
complished with bronchoplastic techniques in 4 pa- 
tients: sleeve lobectomy, 2; lobectomy with plastic 
bronchial closure, 1; and segmental tracheal resec- 
tion, 1. The other patient underwent conventional 
lobectomy. All 5 patients are alive and free from dis- 
ease 4 to 15 years following operation. 

The recently demonstrated correlation between 
histological grading and clinical behavior allows rel- 
atively benign variants of mucoepidermoid tumors 
to be accurately identified by bronchoscopic biopsy 
prior to thoracotomy. Because these tumors have a 
propensity to originate centrally in the tracheo- 
bronchial tree, bronchoplastic procedures frequently 
are required in order to accomplish tumor extirpa- 
tion with limited pulmonary resection. 


Mucoepidermoid carcinoma arising in the 
tracheobronchial tree is an extremely rare 
tumor; the literature identifies only 62 previ- 
ously reported cases. These neoplasms usually 
exhibit slow local growth without extending to 
regional lymph nodes and rarely metastasize to 
distant sites [2, 6, 11, 12, 18]. Consequently, 
they are ideally suited for conservative resec- 
tions. 

We have had experience with 5 patients with 
mucoepidermoid carcinoma of the tracheo- 
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bronchial tree. Bronchoplastic resections were 
accomplished in 4 and included sleeve lobec- 
tomy (2), lobectomy with plastic closure of the 
main bronchus (1), and segmental tracheal re- 
section (1). The other patient underwent stan- 
dard lobectomy. The case reports and a current 
review of the literature are presented. 


Case Reports 

Patient 1 

A 20-year-old man was seen with massive 
hemoptysis. Mild, self-limited episodes of 
hemoptysis had occurred intermittently during 
the previous 18 months. Left lower lobe atelec- 
tasis was evident on the chest roentgenogram 
(Fig 1). Open tube bronchoscopy was per- 
formed on an urgent basis. The entire tracheo- 
bronchial tree was filled with blood and clots, 
but after irrigation, a tumor mass was seen 
occluding the orifice of the left lower lobe. Mi- 
croscopic examination of a bronchoscopic bi- 
opsy specimen revealed low-grade mucoepider- 
moid carcinoma. 

At thoracotomy, complete atelectasis of the 
left lower lobe was present. Lobar and medias- 
tinal lymph nodes were free from tumor on 
frozen-section examination. Left lower lobec- 
tomy was initially carried out by transecting the 
lower lobe bronchus close to the upper lobe 
bronchial orifice. Frozen section of the bron- 
chial margin identified residual tumor cells. To 
avoid pneumonectomy and preserve lung tis- 
sue, a sleeve of bronchus was excised, making 
an anastomosis between the upper lobe and 
main bronchus (Fig 2). Frozen section verified 
that the bronchial margins were then free from 
tumor. 

Postoperative recovery was uneventful. 
Bronchoscopic removal of granulation tissue 
and suture material was required at infrequent 
intervals postoperatively. The patient is alive 
and well 58 months after operation. 
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Fig 1. (Patient 1.) Preoperative chest roentgenogram 
demonstrates left lower lobe atelectasis. 


Patient 2 

A 44-year-old woman was seen with minimal 
hemoptysis of three weeks’ duration. A similar 
episode had ceased spontaneously 8 months 
previously. She had been maintained on a re- 
gimen of orally administered anticoagulants 
since aortic valve replacement 2 years prior to 
this admission. Chest roentgenogram demon- 


Fig 2. (Patient 1.) Left bronchial tree: (A) final lines of 
bronchial division; (B) removal of the lower lobe; and 
(C) anastomosis of the upper lobe bronchus to the main 
bronchus. 
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Fig 3. (Patient 2.) Preoperative chest roentgenogram 
demonstrates right upper lobe atelectasis. 


strated right upper lobe atelectasis (Fig 3). 
Flexible fiberoptic bronchoscopy revealed a 
round, polypoid tumor mass originating at the 
orifice of the right upper lobe bronchus. Bron- 
choscopic biopsy was obtained, and low-grade 
mucoepidermoid carcinoma was diagnosed on 
microscopic examination. 

The patient underwent a right thoracotomy 
on June 4, 1974. Mediastinal nodes were dem- 
onstrated to be free from tumor on frozen- 
section analysis. Right upper lobectomy with 
bronchoplastic closure of the right main bron- 
chus was accomplished (Fig 4). Frozen-section 
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Fig 4. (Patient 2.) Right bronchial tree: (A) final lines of 
bronchial division; (B) removal of specimen; and (C) 
plastic closure of the main bronchus. 


examination verified that the bronchial margin 
was free from tumor. 

The postoperative course was uneventful, 
and the patient is alive and well 54 months after 
operation. 


Patient 3 

A 32-year-old woman who had had intermittent 
hemoptysis for 6 months and three episodes of 
pneumonitis over the past 3 years was admitted 


Fig 5. (Patient 3.) Right bronchial tree: (A) final lines of 
bronchial division; (B) removal of upper lobe and sleeve 
of main bronchus; and (C) anastomosis of the bronchus 

intermedius to the main bronchus. 
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to our institution. Right upper lobe atelectasis 
was evident on chest roentgenogram. Flexible 
fiberoptic bronchoscopy revealed a 2 cm tumor, 
resembling an adenoma, in the right main 
bronchus at the orifice of the right upper lobe. 
Bronchoscopic biopsy demonstrated low-grade 
mucoepidermoid carcinoma. 

Right thoracotomy was performed on June 21, 
1974, and exploration did not reveal any obvi- 
ous lymph node involvement. Sleeve lobec- 
tomy of the right upper lobe was accomplished 
(Fig 5). 

Postoperative recovery was uneventful. The 
patient is alive and well 52 months after opera- 
tion. 


Patient 4 
A 14-year-old boy was seen by an allergist be- 
cause of an 8-month history of wheezing re- 
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Fig 6. (Patient 4.) Preoperative laminagram of the 
trachea clearly demonstrates an intratracheal mass. 


fractory to medical therapy. Routine chest 
roentgenogram suggested an intratracheal mass, 
which was clearly documented on laminagrams 
(Fig 6). Through a flexible fiberoptic bron- 
choscope, a tumor with the appearance of an 
adenoma was visualized 4 to 5 cm proximal to 
the carina. Biopsy of the lesion was not attempted 
because of the severely compromised airway. 

Resection was performed on December 22, 
1974, through a midline cervical incision, 
which was extended through the sternum to the 
level of the second intercostal space. Segmental 
resection of the trachea with end-to-end anas- 
tomosis was accomplished without difficulty. 
Frozen-section examination verified the mar- 
gins of resection to be free from tumor. 

Postoperative recovery was satisfactory. He- 
moptysis on one occasion necessitated re- 
peat bronchoscopy and removal of granulation 
tissue at the anastomosis. The patient is alive 
and well 48 months after operation. 


Patient 5 

An 11-year-old boy was hospitalized because of 
an acute febrile illness and roentgenographic 
evidence of left lower lobe atelectasis. Open 
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tube bronchoscopy revealed a 2.5 cm tumor at 
the orifice of the left lower lobe. Bronchoscopic 
biopsy demonstrated low-grade mucoepider- 
moid carcinoma. 

Left lower lobectomy was performed on April 
14, 1964. Postoperative recovery was unevent- 
ful. The patient is alive and well 15 years after 
operation. 


Pathology 

Similar gross pathological findings were ob- 
served in all 5 patients. The tumors were all well 
circumscribed and polypoid, with an appear- 
ance resembling bronchial adenoma (Fig 7A). 
Microscopic examination revealed them to be 
composed of sheets of squamous cells admixed 
with vacuolated, mucus-producing cells (Fig 
7B). Some minor variations in histological de- 
tail were noted among the specimens: intercel- 
lular bridging was seen in one specimen (Pa- 
tient 2), and intermediate cells were evident 
in another (Patient 4). The tumor extended 
through the bronchial wall and eroded cartilage 
in only 1 patient (see Fig 7B). However, in all 
specimens, mitoses were rarely seen, and nu- 
clear pleomorphism or hyperchromatism was 
absent or present only to a minimal degree. 
Parabronchial lymph nodes were uniformly 
negative. Bronchoscopic biopsy specimens, 
obtained in 4 patients, demonstrated histologi- 
cal findings identical to those seen in the surgi- 
cal specimens. 


Comment 

Each of the 5 patients was seen initially with a 
centrally located tumor producing symptoms of 
bronchial irritation or obstruction, including 
hemoptysis and recurrent infection. The 4 pa- 
tients with bronchial tumors had roentgeno- 
graphic evidence of lobar atelectasis. The central 
location of these neoplasms facilitated accurate 
bronchoscopic assessment. Biopsy of the 4 
bronchial tumors was accomplished without 
complication. Although the  well-circum- 
scribed, polypoid appearance of the tumor 
in each instance grossly was thought to be 
that of bronchial adenoma, histological ex- 
amination revealed low-grade mucoepidermoid 
carcinoma in each specimen. Conventional 
pulmonary resection for 3 central bronchial le- 
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Fig 7. (Patient 1.) (A) Low-grade mucoepidermoid car- 
cinoma along a cartilage plate, which has erosion. 
(PAS; original magnification X100.) (B) Tumor com- 
posed of sheets of large squamous cells and pools of 
mucin. (PAS; original magnification X300.) 


sions would have entailed pneumonectomy. 
However, with the application of bronchoplas- 
tic techniques, pneumonectomy was avoided 
successfully. The conservative resections in our 
5 patients have provided excellent long-term re- 
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sults. This fact has prompted us to review the 
literature concerning this uncommon neoplasm 
in order to more accurately define the role of 
bronchoplastic resection in the treatment of 
tracheobronchial mucoepidermoid carcinoma. 
In 1945, Stewart and co-workers [13] charac- 
terized a previously unrecognized group of 
salivary gland neoplasms and used the term 
mucoepidermoid tumor to describe them. Bron- 
chial tumors exhibiting histological details char- 
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Table 1. Resection for Localized Mucoepidermoid Carcinoma 
——————————MÁÉÉE—EN 


Bronchoplasty 

or Sleeve Local 
Tumor Location Pneumonectomy Lobectomy Lobectomy Segment Resection 
Trachea 0 0 i 0 0 
Main bronchus 7 0 0 0 0 
Lobar bronchus i 18 5 0 1 
Segmental bronchus 0 0 0 1 0 
Unknown 0 2 0 0 0 

Total 11 20 9 1 1 





acteristic of mucoepidermoid tumor were re- 
ported by Liebow [7] in 1952, and, on the basis 
of experience with 5 patients with such tumors, 
Sniffen and associates [12] in 1958 concluded 
that bronchial mucoepidermoid tumors were 
relatively benign neoplasms. Subsequently, 
isolated reports of highly malignant mucoepi- 
dermoid carcinoma of the tracheobronchial 
tree with widespread distant metastases 
and short survival did appear [3, 5, 9]. 
More commonly, however, these tumors were 
described as slow growing, with little predilec- 
tion for nodal or distant metastases [8, 10, 11, 
17, 18]. 

Reviewing the literature up to 1965, Reichle 
and Rosemond [11] pointed out that no recur- 
rence had been reported following complete re- 
section of these tumors. They concluded that 
bronchial mucoepidermoid tumors appear to be 
benign, but did not rule out the possibility of 
malignant transformation. Since that review, an 
additional 38 patients with this tumor, includ- 
ing the 5 reported here, have been added to the 
literature [1, 2, 6, 14-16]. 

A current review of the reported patients 
with mucoepidermoid tumors of the tracheo- 
bronchial tree, including the 29 reviewed by 
Reichle and Rosemond [11] and the 38 sub- 
sequently reported, reveals that the tumors in- 
variably originate in the trachea or proximal 
bronchus. Only 3 of 67 tumors were located 
distal to a lobar bronchus. Localized resectable 
disease was identified in 47 patients (70%), 
while in 17 patients (2596), either distant me- 
tastases were documented at the time of presen- 
tation or complete resection was not possible 
due to local mediastinal invasion. Informa- 


tion regarding the extent of disease was incom- 
plete in 3 patients (596). 

Three patients with localized disease did not 
undergo resection because of serious underly- 
ing problems [10, 12]. An additional patient 
was diagnosed postmortem [9] and in a fifth 
patient, pathological examination revealed 
tumor in the margin of a tracheal resection [6]. 
This patient died of recurrent tumor following 
re-resection 28 months later. Complete resection 
of all disease was accomplished in the remain- 
ing 42 patients (Table 1). It is noted that for 
localized disease in the main or lobar bronchus, 
a pneumonectomy was done in 11 patients 
while a bronchoplastic procedure was accom- 
plished in only 5. 

Overall, only 3 of the 42 patients treated by 
curative resection died of recurrent or meta- 
static tumor (Table 2). Two patients were lost to 
follow-up, and 2 died of unrelated disease at 1 
month and 18 years postoperatively without 
tumor recurrence. Therefore, 35 patients remain 
free from disease after an average follow-up of 
6.25 years (range, 9 months to 23 years). Results 
among the 17 patients who were seen with un- 
resectable disease were uniformly fatal. 

Metastases to regional lymph nodes were rare 
in patients who underwent curative resections. 
Lymph nodes were free from tumor in 27 pa- 
tients, and long-term survival includes 25 
patients (9396). Only 1 of these patients sub- 
sequently was seen with recurrence, and this 
patient had had incomplete resection. Two 
patients had a positive nodal status. Multi- 
ple positive hilar nodes were found in the 
pneumonectomy specimen of 1 of them who 
died with distant metastases 3 months post- 
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Table 2. Extent of Disease, Treatment, and Results in 67 Reported Patients 


with Tracheobronchial Mucoepidermoid Carcinoma 








No. of No. of Tumor-Related 

Extent of Disease Patients Treatment Patients Mortality 
Localized 47 Nonoperative 4 4/4 

Inadequate resection 1 1/1 

Complete resection 42 3/40? 
Mediastinal invasion 17 Resection and irradiation 3 3/3 

and/or distant disease Nonoperative 14 14/14 

Unknown > 





Follow-up unavailable on 2 patients. 


operatively. The other patient with regional 
lymph node metastases was reported to be alive 
and well almost 2 years following sleeve lobec- 
tomy. The status of regional nodes is unknown 
in the remaining 13 patients. Two of them are 
alive, a long-term survival of 15%. 

The encouraging results in the 47 patients 
with localized disease reflect the low-grade 
malignancy typical of the majority of these neo- 
plasms. Nevertheless, 17 of the patients were 
seen initially with incurable disease, and this 
factor confirms the existence of a highly malig- 
nant variant of this tumor. Histological grading 
has been utilized to predict clinical behavior of 
salivary gland mucoepidermoid tumors [4]. 
These tumors are characterized by an admixture 
of mucus-producing and squamous elements 
and are histologically classified into low-grade 
(Grade I), intermediate (Grade II), and highly 
malignant (Grade III) types on the basis of cel- 
lular differentiation and activity. Recent reports 
demonstrate the prognostic value of histological 
grading in tracheobronchial mucoepidermoid 
carcinoma [2, 6, 15, 16]. 

Leonardi and co-workers [6] reported long- 
term survival following resection in 6 patients 
with low-grade lesions, while 1 patient with a 
high-grade variant died at 38 months. Conlan 
and associates [2] reported curative resection 
and long-term survival in 4 patients with a 
Grade I tumor and in 2 of 3 patients with Grade 
II lesions. One patient with a Grade III histol- 
ogy was seen with distant metastases and died 
at 12 months. High-grade tumors were diag- 
nosed in 12 patients reported by Turnbull and 


colleagues [15, 16], and all died within less than 
18 months. 

Due to their central location, tracheobron- 
chial mucoepidermoid carcinomas are easily vi- 
sualized at bronchoscopy. They generally are 
seen as circumscribed, polypoid tumors [2, 6, 
10] and often are thought to be bronchial car- 
cinoids or adenomas. Bronchoscopic biopsy has 
not been universally advocated, largely because 
of the theoretical risk of serious hemorrhage. 
We encountered no serious complications in 
our four biopsies, and biopsy has been safely 
performed by others [2, 10]. Bronchoscopic bi- 
opsy prior to thoracotomy is valuable because 
of the demonstrated correlation between his- 
tological grade and clinical behavior. A biopsy 
diagnosis of low-grade mucoepidermoid car- 
cinoma should alert the surgeon to expect a 
localized tumor without metastases that can be 
adequately treated by a planned conservative 
resection. A bronchoplastic or sleeve resection 
often will be required because of the propensity 
of this tumor to originate centrally in the 
tracheobronchial tree. Pneumonectomy was 
performed in 9 of the 42 patients reviewed in 
the literature who underwent complete resec- 
tion (see Table 2). It is clear that such radical 
procedures are unnecessary for the low-grade 
mucoepidermoid carcinoma for which lobec- 
tomy or bronchoplastic resection is the proce- 
dure of choice. 

Mediastinal extension or lymph node inva- 
sion might dictate a more radical procedure for 
the rare, high-grade tumor seen without evi- 
dence of distant disease. 
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Pleurosco 
Pleural E 


y in Patients with 
sion and Pleural Masses 


Dov Weissberg, M.D., Moritz Kaufman, M.D., and Ze'ev Zurkowski, M.D. 


ABSTRACT We performed diagnostic pleuroscopy 
in 66 patients with pleural effusion and in 14 with 
pleural masses. The findings were diagnostic in 76 
patients (9596). Pleural metastases were found in 63 
patients, primary pleural or lung tumor in 5, and less 
common findings in the remainder. Only 1 minor 
complication occurred, and there were no deaths. 

Malignant pleural effusion causing dyspnea was 
managed successfully by talc insufflation under di- 
rect vision in 31 of 35 patients. Talc also was used 
with equal success and without complications in 
management of recurrent pneumothorax. 

We conclude that pleuroscopy is a useful diagnos- 
tic and therapeutic procedure. It is simple and well 
tolerated, has a diagnostic yield of 95%, and is virtu- 
ally free from complications. It provides the best 
way of insufflating talc for pleurodesis. 


Pleuroscopy was introduced as a diagnostic 
procedure by Jacobaeus [17] in 1910. During the 
era when pulmonary collapse was the therapy 
for tuberculosis, pleuroscopy was used mainly 
for lysis of pleural adhesions. With the advent 
of antituberculosis drugs and the development 
of resectional therapy, its application in the 
treatment of tuberculosis disappeared and 
pleuroscopy was nearly forgotten. Recently 
there has been renewed interest in this method 
[3, 9, 20], chiefly for establishing the cause of 
pleural effusion. 

We have used pleuroscopy since 1975. Ini- 
tially the procedure was restricted to patients 
with pleural effusion. Then we expanded its 
application to a variety of indications. Of our 
total experience with 122 patients having 
pleuroscopy, 80 underwent the procedure be- 
cause of pleural effusion or pleural masses of 
undetermined nature. This report summarizes 
our experience with those 80 patients. 
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Material and Method 

Pleuroscopy was performed in 56 men and 24 
women ranging from 19 to 82 years old. Sixty- 
six procedures were performed for pleural effu- 
sion and 14 for pleural tumor. Each pleuroscopy 
was performed with the patient under general 
endotracheal anesthesia and usually in the lat- 
eral position. For visualization of any specific 
area, the position can be changed as desired. In 
a few instances, pleuroscopy was done with the 
patient in the supine or prone position. 

In order to confirm a spot without adhesions, 
needle aspiration of fluid or free air is per- 
formed at a convenient site, usually in the 
midaxillary line in the fifth or sixth inter- 
costal space. A 2 cm incision is made. The pres- 
ence of palpable pleural metastases is deter- 
mined by finger palpation. A mediastinoscope 
is inserted, and all fluid is aspirated and sent 
for cytological and bacteriological studies. In an 
organized manner, the entire lung surface, 
chest wall, diaphragm, pericardium, and hilar 
areas are inspected. Adequate biopsies are 
taken. After removal of the mediastinoscope, a 
chest tube is inserted and left in place for one or 
two days. 


Results 


Metastases were found in 63 patients. Primary 
pleural tumor was found in 2 patients and pri- 
mary lung tumor involving the pleura, in 3. 
This low incidence of primary lung tumor is ex- 
plained by the fact that most patients with a 
known pulmonary neoplasm do not usually 
undergo pleuroscopy. Congestive heart failure 
with effusion was found in 3 patients, pleuritis 
in 3, pleuropericarditis in 1, and postinflam- 
matory hyaline scars in 1. In 4 patients the 
findings were noncontributory. 

One complication occurred in the entire se- 
ries: subcutaneous emphysema following a 
lung biopsy. It subsided within a few days. 
There were no deaths related to the procedure. 
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Talc Pleurodesis 

Management of malignant pleural effusion is a 
difficult clinical problem. Compression of the 
lung by accumulating fluid and mediastinal 
shift often causes severe dyspnea and persistent 
dry cough. Although thoracentesis can provide 
temporary relief, the fluid usually reaccumu- 
lates rapidly. One logical way to prevent its 
reaccumulation is to produce adhesions be- 
tween visceral and parietal pleura. Various sub- 
stances have been tried, such as iodized oil, dex- 
trose, human blood, caustics like silver nitrate, 
various pleural irritants [12], and Atabrine 
(quinacrine) [13], but the results are unreliable. 
In contrast, using talc, many investigators [1, 3, 
5, 15, 26] achieved excellent pleurodesis in 76 
to 10096 of their patients. 

Talc is finely powdered hydrous magnesium 
silicate. The purified talc we use corresponds 
approximately to the formula Mg, (Si;O;), 
(OH), [4, 23]. It is a physical irritant capable of 
producing adhesions in serosa-lined body 
cavities [11, 21]. This feature, which makes its 
presence undesirable in the peritoneal cavity, 
provides the most reliable way of obliterating 
the pleural space. 

Talc from various sources can contain con- 
taminants, such as clay, chalk, stearates, chlo- 
rite, quartz, carbonates, asbestos, and other 
minerals [7, 8]. Of these, asbestos is known to 
be hazardous because it is capable of causing 
mesothelioma of the pleura and bronchogenic 
cancer [28]. Uncontaminated talc causes fibrosis 
and granuloma, not cancer [7]. Kleinfeld and 
associates [18] studied the incidence of cancer 
and respiratory diseases in talc miners and 
millers in New York State. The talc concerned is 
heavily contaminated with amphiboles and free 
silica. Initially, it was reported to be associated 
with an increased mortality due to mesothe- 
lioma and cor pulmonale. Later, according 
to the same authors [19], after dust levels had 
been reduced, the death rates from malignant 
diseases among the men employed in the 
mine were similar to those of white men in 
the United States in general. Wagner and as- 
sociates [30] conducted experiments in rats. 
They found no mesotheliomas in 48 rats after 
intrapleural administration of cosmetic talc, 
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whereas these tumors developed in 18 of 48 rats 
similarly exposed to chrysolite asbestos. 

It can be reasonably concluded that the 
cancer-producing material is asbestos, not pure 
talc. Therefore, talc can be used therapeutically 
in humans, provided the contamination by as- 
bestos fibers has been ruled out. The talc used 
in our hospital corresponds with the require- 
ments of the British Pharmacopoeia [4, 23]. It is 
tested periodically and contains no asbestos. 

For a number of years we have used talc in- 
sufflation, according to the method of Pearson 
and MacGregor [26], to successfully manage 
patients with malignant pleural effusion caus- 
ing dyspnea. Since the introduction of pleuros- 
copy to our service, we have not insufflated talc 
as a separate procedure, but only in combina- 
tion with pleuroscopy: if pleural effusion due to 
metastases is found at pleuroscopy, talc is in- 
sufflated through the mediastinoscope. Ap- 
proximately 2 gm of talc is sprinkled under di- 
rect vision over the entire pleural surface. Two 
chest tubes are attached to an underwater seal 
for three to four days. One essential condition 
for instillation of talc into the pleural cavity is 
complete expansibility of the lung. If the lung 
cannot be expanded, the use of talc is contrain- 
dicated and decortication is considered. In our 
series, talc was insufflated in association with 
pleuroscopy in 39 patients: 35 with pleural effu- 
sion and 4 with recurrent pneumothorax. Ex- 
cellent pleurodesis was achieved in 34 in- 
stances. There were no complications. 


Comment 
Pleuroscopy is done most commonly for deter- 
mining the cause of pleural effusion [3, 6, 9]. 
Although this often can be done by pleural 
needle biopsy, the yield of positive diagnosis is 
low. Payne [25] reviewed 34 patients who had 
needle biopsy of the pleura, with positive diag- 
nosis in 12. Howell [16] analyzed a collected se- 
ries of 338 patients undergoing needle biopsy. 
Positive diagnosis was achieved in 45%. Rao 
and associates [27] analyzed 1,294 patients from 
16 series and found a positive diagnosis in 
4196; in their own experience with 154 biopsies 
in 124 patients, diagnosis was achieved in 64%. 
On the other hand, when pleuroscopy was 
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used, the incidence of positive diagnosis 
achieved by various investigators [2, 3, 14, 22] 
ranged between 74 and 100%. Obviously, 
careful inspection through a mediastinoscope 
provides additional useful information, permits 
more thorough evacuation of all fluid, and en- 
ables adequate biopsy specimens to be taken 
from the suspected lesions without resorting to 
a formal thoracotomy. General anesthesia is 
necessary for a period of fifteen to twenty min- 
utes only, and postoperative pain is virtually 
nonexistent. For visualization of the pleura, 
various instruments have been suggested [3, 6, 
9, 20, 29]. In our early experience, we used the 
standard thoracoscope. However, the two- 
trocar method made the manipulation some- 
times difficult. We were not satisfied with the 
visualization of the pleura and biopsy material 
was often scarce. Therefore, after the first 13 ex- 
aminations we started using a mediastino- 
scope. Its wide lumen enables thorough ex- 
amination of the entire pleural surface. Under 
direct vision, adequate biopsy material is easily 
procured and talc can be insufflated. 

A combination of pleuroscopy with medias- 
tinoscopy through a single incision in the neck 
was suggested in 1976 [10]. The idea seemed 
attractive and we tried it on a few occasions. 
However, our enthusiasm cooled since only 
part of the pleura can be visualized by this ap- 
proach, thus restricting its usefulness. Also, the 
applicability of the combined method is limited 
to those few patients who need both medias- 
tinoscopy and pleuroscopy. When both proce- 
dures are indicated, we see no disadvantage 
to looking into the mediastinum and pleura 
through two separate holes. 

For some years, the use of talc in the pleura 
has been avoided by many surgeons. Among 
possible harmful effects of talc, Gaensler [12] 
listed severe pain, febrile reactions, thick 
pleural membranes, granuloma, fibrothorax 
with loss of pulmonary function, and even talc 
embolism with hemiplegia. Although no fig- 
ures were reported and the true incidence of 
these complications is not known, we have 
never seen these effects. Our experience is 
shared by other investigators [1, 3, 24, 26]. It 
appears that the dangers of talc have been 


grossly exaggerated, although some complica- 
tions could occur if excessive amounts of talc 
are used. No more than 2 gm is needed for a com- 
plete pleurodesis, and using larger amounts 
is neither necessary nor desirable. In this 
respect, our way of insufflation under vi- 
sion constitutes an improvement over other 
methods of talc pleurodesis. Although we have 
used talc for many years and found the two- 
trocar method of Pearson and MacGregor [26] 
quite satisfactory, we believe that insufflation 
through the mediastinoscope under direct vi- 
sion is preferable: talc can be seen reaching 
every location and the amount can be mini- 
mized. Before using talc, its contents should be 
examined chemically and by electron micro- 
scope to rule out the presence of asbestos fibers, 
particularly in patients with benign disease. 

We believe that pleuroscopy is a useful diag- 
nostic and therapeutic procedure, simple and 
easy to perform and well tolerated by patients. 
It is highly effective when other diagnostic 
methods short of thoracotomy have failed. In 
95% of patients, definite diagnosis is made and 
the degree of lung reexpansion is easily ascer- 
tained. It has great potential in the TNM stag- 
ing of lung cancer, which should equal that of 
mediastinoscopy, and should be explored. If 
pleurodesis is indicated, as often is the case, it 
can be done safely by talc insufflation. Our 
results—1 minor complication (subcutaneous 
emphysema) and no deaths among 80 patients, 
the majority of whom had metastatic cancer— 
indicate that this is a safe procedure. Finally, 
we wish to point out that the term thoracoscopy 
can be applied to any endoscopy within the 
chest and does not necessarily mean looking 
into the pleural cavity. The word pleuroscopy is 
more specific and should be used for the sake of 
clarity. 
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Lung Transplantation: 


Better Survival Results after Graft Pretreatment 
with Concanavalin A or Chondroitin Sulfate 
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and Manuel Chee, M.D. 


ABSTRACT  Pretreatment of the lung graft with 
concanavalin A (Con A) or chondroitin sulfate (CIS) 
was used to modify the lung allograft response after 
transplantation into moderately immunosuppressed 
(low doses of azathioprine and prednisone) recip- 
ients. Significant (p « 0.05) prolongation of survival 
was observed after graft pretreatment. Pneumonia 
and rejection were the most frequent causes of death 
for all groups of dogs. However, only 3 out of 6 ani- 
mals from each of the groups with pretreated grafts 
died of pneumonia or rejection, whereas 5 of the 6 
animals in the control group died of these causes. 
Furthermore, when rejection occurred in the dogs 
with lung grafts pretreated with Con A or CIS, it was 
considerably delayed compared with the controls. 
Partial pressure of arterial oxygen, chest roentgeno- 
grams, and lung histology were good indicators of 
lung viability after transplantation. 


Various attempts to improve survival after lung 
transplantation have not been consistently suc- 
cessful [8, 22, 23]. Allograft rejection remains 
the most important drawback for successful 
lung transplantation [11, 22, 24]. Different im- 
munosuppressive regimens utilized in humans 
or animals have not given satisfactory protec- 
tion against rejection [12, 16, 22, 23]. In this 
paper, we study a new way to modify the im- 
munogenicity of lung allografts by flushing the 
graft with concanavalin A (Con A) or chon- 
droitin sulfate (CIS) prior to transplantation 
into minimally immunosuppressed recipients. 
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Materials and Methods 

Experimental Design 

Adult mongrel dogs of both sexes and weighing 
between 15 and 23 kg were anesthetized with 
sodium thiamylal for induction and with 
halothane (0.5 to 1.5%) for maintenance. 
Methylprednisolone, 1 gm, was administered 
intravenously 2 hours prior to lung excision. 
Donor dogs underwent a left thoracotomy. The 
chest was entered at the fourth intercostal 
space, the pulmonary hilus was identified, and 
the vessels and the main bronchus were iso- 
lated. The hilar structures were divided ten 
minutes after 2,000 U of heparin were given 
intravenously. Then the lung was excised and 
flushed with 300 ml of Ringer’s lactate solution 
at 7° to 10°C and a height of 40 cm of water. The 
solution contained heparin, 10,000 U per liter. 
Flushing time was the time needed to flush the 
300 ml of solution and averaged approximately 
twelve minutes. During flushing, the lungs 
were partially inflated (20 to 40%) with 99.96% 
nitrogen administered slowly through the main 
bronchus. The bronchus was closed with an 
atraumatic clamp during the whole time of 
flushing. 

Immediately after flushing, the lung was 
transplanted into the recipient after excision of 
the left lung. Long vascular cuffs were left for 
the anastomoses as well as for the main bron- 
chus. The vascular anastomoses were per- 
formed with 5-0 and 6-0 Prolene for the left 
atrial cuff and pulmonary artery, respectively. 
Anastomosis of the main bronchus and the rest 
of the operation were similar to what has been 
described previously [17, 18, 22, 23]. As soon as 
the transplant operation was finished, the right 
contralateral pulmonary artery was ligated. The 
chest was closed in the usual fashion. Recipient 
immunosuppression consisted of azathioprine 
(5 mg per kilogram of body weight per day for 
the first 3 days, then 2.5 mg per day) and pred- 
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nisone (1.0 mg per kilogram per day for 3 days, 
0.5 mg per day for 3 days, and then 0.2 mg per 
day until death). 


Laboratory Studies 

Blood gases were determined every hour for the 
first 4 hours and every day thereafter. Most 
animals underwent daily chest roentgenograms 
and complete blood counts for a week and then 
biweekly until death. Postmortem examination 
was performed in all dogs by analyzing both 
the transplanted lung and the contralateral side, 
which had been ligated. All lung samples were 
fixed in 1096 formalin, embedded in paraffin, 
sectioned, stained with hematoxylin and eosin, 
and examined under the light microscope. 


Experimental Variables 

Twenty recipient dogs were utilized in this 
study. After the elimination of 2 dogs because of 
technical failures, 18 dogs were included in the 
final analysis. Three groups of 6 dogs each were 
studied. The dogs were randomly allocated to 
one of the groups. Group 1 was the control that 
received lungs flushed with Ringer's lactate 
solution only. Groups 2 and 3 were the animals 
receiving lungs flushed with Ringer's lactate so- 
lution containing Con A*, 35 mg per liter, or 
CIS*, 35 mg per liter. All recipient animals were 
administered azathioprine and prednisone as 
previously stated. Of the 2 animals that died of 
technical failures immediately after operation, 1 
was from Group 1 and died of bronchial leakage 
and the other was from Group 3 and died of se- 
vere atrial thrombosis. The survival time was 
cut off at 60 days in all groups for statistical 
analysis. Overall, a 1096 incidence of technical 
failures was observed. These results are lower 
than others reported in the literature [12, 16]. 
The Kruscal-Wallis test for analysis of variance 
and the Newman-Keuls nonparametric test 
were utilized to determine all the statistical 
variables in the three groups. 


Results 
Figure 1 shows the survival times for all groups 
of dogs. Dogs receiving lungs pretreated with 


*Lot 210073 or 610049-fraction Il; CalBiochem Labs., San 
Diego, CA. 
tLot 64C 0055; Sigma, St. Louis, MO. 
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DAYS POST-TRANSPLANTATION 
Fig 1. Effect of graft pretreatment with concanavalin A 
(Con A) or chondroitin sulfate (CIS) on canine lung al- 
lograft survival. A significant (p « 0.05) prolongation 


of survival was observed in lungs pretreated with Con A 
or CIS. 


Con A or CIS had significant prolongation of 
survival (p « 0.05). The control dogs survived 
12.3 + 6.2 (mean + standard deviation) days 
after transplantation, whereas the dogs with 
Con A- and CIS-treated lungs survived 27.3 + 
15.1 and 36.0 + 20.3 days, respectively, after 
transplantation. 

Immediately after transplantation, there were 
no significant functional differences among any 
of the three groups. The arterial blood gases 
showed similar values (p > 0.5) in the first 3 
days after transplantation. The partial pressure 
of arterial oxygen (PaO;) was 84 + 4.7 mm Hg. 
It remained at 79 + 5.0 mm Hg in the control 
group, 84 + 6.3 mm Hg in the Con A group, 
and 86 + 7.5 mm Hg in the CIS group in the 
first postoperative week, with no evidence of 
respiratory failure. In the second postoperative 
week, the control dogs had a significantly (p « 
0.05) lower PaO, (68 + 6.2 mm Hg) than those 
with the Con A- or CIS-treated lungs (84 + 8.2 
mm Hg). In general, PaO, deteriorated before 
death in all animals. It was very consistent to 
find that the arterial pressure of carbon dioxide 
and pH were normal in the animals that did not 
experience respiratory distress. 


Radiological Assessment 

In the first week after transplantation, there 
were no significant differences on the radio- 
logical findings between control dogs and dogs 
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Fig 2. Frontal plain chest roentgenogram of a dog 7 days 
after receiving a control lung transplant on the left side 
followed by ligation of the contralateral pulmonary ar- 
tery. Moderate infiltrate is noted in both upper lung 
fields. 


with lungs pretreated with Con A or CIS 
(Fig 2). In the second week, the control group 
had a higher incidence of infiltrates than did 
the groups in which Con A or CIS had been 
used. Four dogs in Groups 2 and 3 did not show 
any radiological abnormalities until several 
days before death (Fig 3). The radiological 
findings correlated well with the PaO, levels, 
the animal’s clinical picture, and the histologi- 
cal findings. In general, the radiological find- 
ings tended to appear a few hours or days after 
the PaO, levels dropped and the clinical picture 
was more defined. 


Cause of Death 

Table 1 shows the cause of death for all 
groups. Pneumonia and rejection were the most 
common causes of death in all groups. All but 1 


(5 out of 6) of the control animals died of rejec- 
tion or pneumonia or both; whereas only 3 out 
of 6 animals in each of the groups with pre- 
treated lungs died of these causes. It is in- 
teresting that there were two instances of 
pulmonary hemorrhage and one instance of 
pulmonary edema in animals that died within 
the first week after transplantation. 


Histological Findings 

The animals that died of rejection showed a 
combination of the classic and alveolar findings 
previously reported by Veith and associates [24, 
25]. This was characterized by the presence of 
fibrinous alveolar exudates, marked mononu- 
clear cell infiltration, and sometimes other non- 
specific findings such as intraalveolar damage, 
vascular congestion, and variable leukocyte 
infiltration. When rejection and pneumonia 
were associated, it was difficult to differen- 
tiate between them (Fig 4). In general, late 
rejection showed extensive inflammatory reac- 
tion with necrosis, hemorrhage, and oblitera- 
tion of the normal pulmonary architecture, 
which also was seen in isolated instances of 
pneumonia. In 4 animals with Con A- or CIS- 
treated lungs, there were minimal or absent 
histological changes compatible with rejection 
(Fig 5). 


Comment 

Our results indicate that graft pretreatment 
with Con A or CIS is an effective method to 
prolong lung allograft survival. The exact mech- 
anism of these two substances in the prolonga- 
tion of lung survival is unknown. However, 
several possibilities bear consideration. Previ- 
ous work in the modification of kidney allograft 
survival by graft pretreatment with Con A or 
CIS has shown that local changes at the level of 
the membrane might modify graft immuno- 
genicity [19] rather than have an immuno- 
suppressive effect on the recipient [4, 19, 20]. 
In fact, when Con A or CIS was administered 
intravenously, no prolongation of survival was 
observed [19]. It is possible that stimulation of 
suppressor T cells may be a factor in determin- 
ing prolongation of allograft survival [13]. 
Con A is a mitogen that has been isolated from 
plant lectins and demonstrated to be an induc- 
tor of suppressor cells [13]. Physiochemical 
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Fig 3. Frontal (A) and lateral (B) plain chest roentgeno- 
grams of a dog with a lung transplant pretreated with 
concanavalin A. The roentgenograms were made 15 
days after transplantation on the left side followed by 
ligation of the contralateral pulmonary artery. There 
are no notable abnormalities in either lung field. 


No 3 March 1980 





changes at the level of the cell membrane and 
antigen recognition might play a role in graft 
prolongation. 

Recently, we were unable to block serologi- 
cally defined antigens with CIS [5]. Therefore, 
we believe that the mechanism of action of CIS 
is different. Perhaps it acts by stimulating some 
other nonspecific immunological mechanisms 
since graft adaptation occurs after graft pre- 
treatment and moderate immunosuppression. 

From our work in kidney transplantation 
[19-21] and from the experience of others [4, 


Table 1. Cause of Death of All Dogs with Lung Allotransplants 





Group 1 
No. of Day of 
Cause of Death Dogs Death 
Pulmonary hemorrhage 1 3 
Pulmonary edema 0 net 
Pneumonia 1 7 
Rejection 3 14, 17, 19 
Pneumonia + rejection 1 14 
Sepsis 0 
Unknown 0 
Total 6 


Group 2 Group 3 
No. of Day of No. of Day of 
Dogs Death Dogs Death 
1 8 0 
1 23 0 TA 
1 18 1 24 
1 35 1 30 
1 52 1 40 
0 ied 1 56 
1 28 1 6 
6 9" 


^One recipient of a lung allograft flushed with chondroitin sulfate was alive 300 days after transplantation. 
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Fig 4. Photomicrograph of a section of a control lung. 
This sample was taken 9 days after transplantation. In- 
terstitial pneumonia is observed but could not be differ- 
entiated from rejection. (H&E; original magnification 
X110.) 


Fig 5. Photomicrograph of a section of a lung pretreated 
with chondroitin sulfate. This sample was taken 18 days 
after transplantation. The lung findings are unremark- 
able. (H&E; original magnification X110.) 





15], we have learned that certain specific con- 
ditions must be met in order to obtain success- 
ful prolongation of graft survival. The type of 
Con A or CIS, the flushing solution, the tem- 
perature of the flushing solution, and minimal 
immunosuppression of the recipient are all im- 
portant factors [20]. The Con A should be pure, 
the CIS should be utilized without further pu- 
rification, both should be mixed in Ringer's 
lactate, and the organ should be flushed under 
hypothermia (4° to 10°C). 

The amount of immunosuppression given 
to lung allografts is very important. From 
retrospective and anecdotal experience in our 
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previous attempts to improve lung allograft 
survival in the last four years, we have learned 
that the type and amount of immunosuppres- 
sion play an important role in lung allografts. 
In fact, several canine lung allografts were 
placed on the same full immunosuppression 
utilized for kidney transplantation, which is 
based on azathioprine, prednisone, and an- 
tilymphocyte globulin (ALG), with a rather dis- 
astrous outcome. The average recipient lung 
survival was 8.5 days. When the immunosup- 
pression was diminished in dosage and when 
only two agents, azathioprine and prednisone, 
were utilized, survival was improved to 12.8 
days. These results are comparable to other se- 
ries of immunosuppressed lung allografts [9, 
12, 16]. Nevertheless, it is difficult to believe 
that lung transplants do not follow similar rules 
of response to immunosuppression and maxi- 
mal survival. The most likely explanation is that 
the thresholds for infection (pneumonia), re- 
jection, and function are extremely close; con- 
sequently, any increase in immunosuppression 
interferes with graft function and, therefore, 
with survival. In addition, the transplanted 
organ is a direct target for infection, and be- 
cause of this, the recipient cannot tolerate any 
increase in immunosuppression. 

Table 2 identifies the groups of researchers 
who have attempted prolonged canine lung al- 
lograft survival. The results vary, and most are 
unsuccessful. In 1978, Blumenstock and Can- 
non [2] demonstrated a significant prolongation 
of survival in lung allografts of nonidentical 
beagles by treatment with lethal total-body ir- 
radiation, autologous bone marrow transplan- 
tation, and methotrexate. Six out of 8 animals 
lived for more than 60 days after lung trans- 
plantation. At the present time, in the clinical 
situation, it is very difficult to apply this type of 
therapy to routine lung transplants. However, 
when satisfactorily applied, this method can 
completely modify the recipient immune re- 
sponse. Our studies are different in that we 
modify the graft and minimally immunosup- 
press the recipient. We believe that our ap- 
proach is more appealing and under certain cir- 
cumstances could be a good adjuvant for lung 
transplantation. In addition to Con A and CIS, 


we have used ALG to pretreat grafts [18]. This 
treatment also prolongs graft survival in mini- 
mally immunosuppressed recipients [18]. Graft 
pretreatment should be taken into considera- 
tion when prolonged survival is to be obtained 
in canine lung transplantation. 

It is interesting to note that the histological 
picture of rejection in our series of lung allo- 
grafts represented a combined classic and al- 
veolar pattern of rejection previously described 
by Veith and colleagues [24, 25], but we could 
not differentiate between the two types of re- 
jection as clearly. The difference in the immu- 
nosuppressive techniques between the two 
studies is an important factor for the appear- 
ance of the different histological changes [24, 
25]. 

In 1977, Goldberg and associates [6] analyzed 
the effect of donor pretreatment on canine lung 
allografts. They observed 27 moderately im- 
munosuppressed dogs with lung transplants 
that were pretreated with intravenously ad- 
ministered cyclophosphamide and methylpred- 
nisolone for at least 6 hours prior to transplan- 
tation. They noted an abrogation of the earlier 
rejection response with a 3096 graft function at 
51 days. These results confirm previous find- 
ings that it is possible to manipulate the im- 
munological response of the donor prior to 
transplantation [7, 26]. The average survival 
appears to be similar to that reported here. 
Either method of immunosuppression— graft or 
donor pretreatment—could supplement the 
other for utilization in the clinical situation. 
Donor pretreatment has already been used 
clinically for kidney transplantation, with some 
controversial results [7, 10, 26]. We believe, 
however, that these controversies are not real 
and represent only the lack of correlation be- 
tween the time and dosage of administration of 
the donor pretreatment. It is very important to 
administer the pretreatment to the donor at a 
certain period in order to obtain prolongation 
of survival. This critical time has not been de- 
termined in the clinical or experimental situa- 
tion. There are also some logistics that must be 
worked out if donor pretreatment is to be 
utilized routinely for clinical immunosuppres- 
sion. As for graft pretreatment, it appears to be 
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Table 2. Selective Review of Survival Results after Canine Lung Allotransplantation 


a M —— — — — M ———— ———— 





Treatment Average 
Survival 
Authors Year Institution Donor Recipient (days) 
Blumenstock et al 1962 Mary Imogene None Methotrexate >30 (50% ani- 
[3] Bassett Hospital mals) 
Hardy et al [9] 1964 University of Mis- None Azathioprine 30 (58% ani- 
sissippi mals) 
Richards et al [14] 1965 San Francisco Azathioprine Azathioprine 38 
Presbyterian 
Medical 
Center 
Susuki et al [16] 1968 Tohoku Univer- None Azathioprine + 39.8 
sity steroids + donor 
spleen cells + 
splenectomy 
Kondo et al [12] 1972 University of Mis- None Azathioprine + <21 (81% ani- 
sissippi | prednisone or + mals) 
antilymphocyte 
globulin 
Veith et al [25] 1972  Montefiore Hos- None Azathioprine + "y. 
pital prednisone + 
rabbit anti-dog 
thymocyte 
serum 
Benfield et al [1] 1972 Harbor General None (immuno- None 22 
Hospital logically 
matched) 
Toledo-Pereyra et 1976 University of ALG Azathioprine 13.4 
al [18] Minnesota 
Goldberg et al [6] 1977 Toronto Mount Cyclophospha- Azathioprine + 51 (30% ani- 
Sinai Hospital mide + methyl- methyl- mals) 
prednisolone prednisolone 
Toledo-Pereyra 1978 Henry Ford None Azathioprine 13.6 £ 3.8 
and Condie [17] Hospital and 
University of 
Minnesota 
Blumenstock and 1978 Mary Imogene None Total-body irradi- >60 (75% ani- 
Cannon [2] Basset Hospital ation + autolo- mals) 
gous bone mar- 
row transplan- 
tation + 
methotrexate 
Toledo-Pereyra et 1979 Henry Ford Hos- ConA or CIS Azathioprine + 36 
al [this report] pital and prednisone 
University of 
Minnesota 


E 97:777777777777778888888888888888888/8855/5FPPPEPBPBBBIBPIIIIIPF 


ALG = antilymphocyte globulin; Con A = concanavalin A; CIS = chondroitin sulfate. 
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easier to use since only flushing of the graft 
with a particular substance must be done prior 
to organ implantation. 
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A. Comparison of Intermittent and Continuous 
Arrest for Prolonged Hypothermic Cardioplegia 


Richard M. Engelman, M.D., John H. Rousou, M.D., Michael J. O'Donoghue, M.D., 
Franklin Longo, B.S., and William A. Dobbs, Ph.D. 


ABSTRACT A study was carried out to evaluate the 
best method of myocardial preservation in the 
pig-heart model. Two techniques for employing 
hypothermic potassium cardioplegia during pro- 
longed ischemic arrest were compared. One entailed 
three one-hour periods of arrest interrupted with 
30-minute intervals of reperfusion (intermittent ar- 
rest), and the other involved a single period of con- 
tinuous hypothermic cardioplegic arrest (continuous 
arrest) of three hours' duration. In order to evaluate 
intermittent versus continuous cardioplegic arrest, 
prearrest and postarrest contractility, compliance, 
myocardial perfusion, and left ventricular adenosine 
triphosphate (ATP) and creatine phosphate (CP) 
levels were compared in 28 animals. 

The results show significant deterioration in 
myocardial contractility and compliance following 
three-hour cardioplegic arrest whether the arrest was 
intermittent or continuous. However, there were 
significant differences between the two groups 
studied. The animal having continuous arrest had 
less functional impairment than the animal having 
intermittent arrest. Myocardial perfusion 30 minutes 
following continuous arrest returned to prearrest 
levels whereas there was significant depression in 
perfusion in the group with intermittent arrest. This 
represented severe coronary vasoconstriction. The 
ATP level after completion of arrest is significantly 
higher in the group having continuous arrest and 
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remains higher throughout the final reperfusion pe- 
rioc. 

Cn the basis of these studies, it is thought that in- 
termittent reperfusion may lead to a reperfusion in- 
jury, which is primarily reflected in decreased 
per-usion, contractility, and compliance. While hy- 
potaermic potassium cardioplegia does not opti- 
mally protect the myocardium during prolonged 
(three hour) ischemic arrest, the alternative of inter- 
mitent arrest provides poorer myocardial preserva- 
tior. 


Wi:h the introduction of cardioplegic arrest as a 
standard technique for myocardial preservation 
du-ing cardiac operations, the need for inter- 
mi-tent arrest and reperfusion during most 
operative procedures has been eliminated [3, 5, 
19, 22]. However, there are still some proce- 
du-es that require prolonged ischemic arrest 
(i.c., longer than two hours), and in these in- 
stances a decision must be made whether to 
allow an interval of myocardial reperfusion or 
to 2ersist in completing the procedure during a 
single arrest period. In general, this decision is 
based solely on the question of which approach 
provides the best preservation for prolonged 
ischemic arrest. 

This study was designed to compare two 
tecaniques of preservation during prolonged 
arrest. The pig heart was employed because it 
provides an experimental model that is close to 
the human heart in terms of microvasculature 
[2] and exhibits comparable responses to isch- 
emia [6]. A standard experimental protocol was 
developed for three-hour ischemic arrest, a du- 
raton previously shown to be beyond that of 
op-imal myocardial preservation using hypo- 
thermic cardioplegia [9, 18]. Using this pro- 
lorged arrest period, two groups of animals 
were compared, one having continuous or un- 
interrupted arrest and the other, intermittent 
arrest. 
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Methods 
Experimental Protocol 
Twenty-eight Poland-China pigs, weighing 
between 14 and 25 kg, underwent cardiopul- 
. monary bypass using a perfusion circuit previ- 
ously described [6-9]. A separate calibrated 
roller pump was used to supply all coronary 
blood flow at a standard mean perfusion pres- 
sure of 75 mm Hg with coronary flow ad- 
justed appropriately. After control studies in a 
beating heart were done, coronary perfusion 
was stopped, and all animals experienced isch- 
emia. The 28 pigs were divided into two groups 
of 14 each: Group A, three hours of uninter- 
rupted hypothermic potassium cardioplegic ar- 
rest followed by 30 minutes of. normother- 
mic reperfusion, and Group B, one hour of 
hypothermic potassium cardioplegic arrest fol- 
lowed by 30 minutes of normothermic reperfu- 
sion followed by a second hour of arrest and 30 
minutes reperfusion and, finally, a third hour of 
arrest followed by 30 minutes of reperfusion. 
Following the final period of coronary reperfu- 
sion, in 7 of the animals in each group, several 
measurements were performed: myocardial 
contractility, compliance, and perfusion. In the 
remaining 7 animals in each group, left ven- 
tricular myocardial biopsies were performed 
during arrest and reperfusion for adenosine 
triphosphate (ATP) and creatine phosphate 
(CP). The animals were then killed. 
Myocardial preservation was provided both 
by topical and systemic hypothermia with sep- 


tal temperatures of 8° to 15°C and by injection of . 


a potassium cardioplegic solution into the aor- 
tic root. The cardioplegic solution consisted of 
6% hydroxyethyl starch, 1 gm per liter of dex- 
trose, 87 mEq per liter of sodium chloride, 25 
mEq per liter of sodium bicarbonate, and 35 
mEq per liter of potassium chloride. The osmo- 
lality of the solution was 350 mOsm, and the pH 
was 7.4 to 7.8. The solution was administered 
as a 50 ml bolus immediately after cessation of 
coronary perfusion and an additional 50 ml 
every 15 minutes of arrest. The temperature of 
the solution was 4? to 8°C when administered. 
A cannula placed in the right ventricular out- 
flow tract of each animal receiving cardioplegia 
discarded the cardioplegic solution returned in 
the coronary venous effluent, thus preventing 
recirculation. 


Myocardial Contractility and Compliance 
An intraventricular balloon was inserted 
through an apical stab wound into the left ven- 
tricle. Coronary perfusion was maintained at 75 
mm Hg, and the heart was electrically paced 
to 140 beats per minute. A Millar PC 370 
catheter-tip pressure transducer was inserted 
through a special Teflon plug into the balloon 
so that intraventricular pressure could be re- 
corded directly. Balloon volume was adjusted 
by adding and decreasing saline solution in the 
balloon through a stiff vinyl catheter connected 
to a calibrated syringe. The left ventricular 
pressure trace was recorded on a direct-writing 
recorder, and the first derivative of the pressure 
signal (left ventricular dP/dt) was obtained by 
analog differentiation. A separate record was 
made of this signal. 

After a steady state was reached during car- 
diopulmonary bypass, both before and 30 min- 


, utes after completion of arrest, sequential mea- 


surements of left ventricular pressure and left 
ventricular dP/dt were performed as ventricular 
balloon volume was increased and decreased 
sequentially from zero to 20 m] in 5 ml incre- 
ments. The velocity of contractile element 
shortening (Vee) was computed in each pig at 
the 10 ml intraventricular balloon volume by - 
the formula: 


Vee = (dP/dt)/28P X 2 rrmig 


P is the developed ventricular pressure, and 28 
is the series elastic modulus or stiffness factor 
[4]. The dP/dt is determined at each developed 
pressure. The radius is r, and tig is determined 
for each porcine heart by the formulas: | 


Inu = (Tower + Tinner¥2 and r= (3V*)i4er 


When computing Tinner, Viner = volume of the 
balloon or 10 ml. To compute router, Vouter = VOl- 
ume of the balloon + the left ventricular weight 
assuming a specific gravity of 1.0. At the 10 ml 
balloon volume, a graph showing Vee versus 
ventricular pressure was developed (Fig 1) to 
permit the maximal measured velocity (MMV) 
or maximum Vee to be determined. This figure 
was used to compare contractility mea- 
surements between the various groups of pigs 
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Fig 1. Two representative pressure-velocity curves from 
the same animal in the group having continuous car- 


dioplegic arrest. Comparable determinations of maximal - 


measured velocity of contractile element shortening 
(MMV) can be made from these curves. (VCE — veloc- 
ity of contractile element shortening.) 


studied at the constant comparable balloon vol- 
ume of 10 ml. 

Myocardial compliance was recorded by 
measuring left ventricular end-diastolic pres- 
sure (LVEDP) at each balloon volume. A graph 
was then designed comparing the prearrest and 
postarrest compliance (Fig 2). A percent change 
in compliance was computed at the 10 ml bal- 
loon volume by the formula: 
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Fig 2. Two representative myocardial compliance curves 


frora the same animal as in Figure 1. There is a decrease 


in compliance, which ts comparable in each animal at a 
ven?ricular volume of 10 ml. (LVEDP = left ventricular 
end-diastolic pressure.) 


stance was corrected to a heart weight of 100 
gm. Myocardial flow after arrest and 30 minutes 
of reperfusion was expressed as percent control: 
(pcstarrest flow/prearrest flow) x 100. 


LVEDP prearrest — LVEDP postarrest/LVEDP prearrsst X 100 


This percent change was expressed as positive 
if the LVEDP fell after arrest or negative if the 
LVEDP rose after arrest. 


Myocardial Perfusion 

Myocardial perfusion was measured before and 
30 minutes after reperfusion by recording total 
coronary blood flow from the calibrated roller 
pump perfusing the clamped aortic root. Coro- 
nary perfusion pressure was constantly regu- 
lated to 75 mm Hg, and coronary flow therefore 
directly reflected any change in coronary vas- 
cular resistance. The coronary flow in each in- 


Metabolic Studies 
Each animal had a 3 to 6 mm full-thickness bi- 
opsy taken from the left ventricle by a modified 
dental drill and immediately cooled in liquid 
nitrogen. Care was taken to obtain successive 
biopsies from uninjured areas of the myocar- 
dium, and no attempt was made to close the bi- 
opsy sites. The biopsies were taken prior to the 
onset of ischemia (control studies) and at 30- to 
60-minute intervals during arrest and reperfu- 
sion. 

The frozen biopsy was weighed on a torsion 
balance at 20°C and then pulverized in a pre- 


remeron | 
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cooled mortar along with frozen 0.6 N per- 
chloric acid. The powder was allowed to thaw 
to 0°C in an iced acetone bath, and the per- 
chloric acid extract was obtained by centrifuga- 
tion. The extract was neutralized and made up 
to 10 ml. Levels of ATP and CP were then de- 
termined using the colorimetric method of 
Lamprecht and Trautschold [14]. 


Statistical Analysis 

Student's f test was used to compare means of 
the two groups being studied. Means were con- 
sidered significantly different if the p value was 
less than or equal to 0.05. Results are presented 
for each treatment group as the mean plus or 
minus standard error of the mean. 


Results 

Myocardial Contractility and Compliance 

There was a significant decrease in prearrest 
contractility in both groups of pigs. The dif- 
ference between them was also significant. 
Contractility was measurable in all 7 pigs of the 
group having continuous arrest (Group A), 
although it was diminished to 51 + 12% of 
control, while contractility was not recordable 
in 6 of the 7 animals in the group with inter- 
mittent arrest (Group B) because of inadequate 
contractile force. Similarly, myocardial com- 


pliance was reduced but measurable in Group 
A (34 + 3176 of control) and recordable in only 1 
of the animals in Group B. 


Myocardial Perfusion 

There was a significant decrease in coronary 
blood flow in the animals in Group B, which 
developed progressively with each reperfusion 
period. This decrease reached 35 + 13% of con- 
trol after the third period of ischemia and re- 
perfusion. No such decrease was present after 
continuous arrest, with the coronary blood flow 
remaining at 89 + 20% of control after 30 min- 
utes of reperfusion. The difference between 
continuous and intermittent arrest was signifi- 
cant. 


Metabolic Studies 

The initiation of cardioplegic arrest resulted in 
a small rise in ATP and a fall in CP (Tables 1, 2; 
Figs 3, 4). During prolongation of uninter- 


rupted arrest to three hours, the elevated ATP 


level noted early after arrest gradually fell to the 
control level. On the other hand, CP fell rapidly 
to near 40% of its level after initiation of arrest 
and continued to gradually decline through 
three hours of uninterrupted arrest. After com- 
pletion of arrest, the final CP level was near 
2096 of the control state. 


Table 1. Changes in Levels of Adenosine Triphosphate during Continuous and Intermittent Arrest? 


Arrest 

Group Control 60 Min Reperfusion 
Continuous 3.80 + 0.16 4.014013 X 

arrest 

(n= 7) 
Intermittent 3.71 + 0.20 3.72 +0.05 3.22 + 0.21 

arrest 

(n = 7) 


Arrest Arrest 

120 Min Reperfusion 180 Min Reperfusion 
3.821026 X 3.79 + 0.24 2.87 + 0.21 
3.56 + 0.14 2.92 0.15 2.98 +0.26 2.34 + 0.19 


“Values are expressed as mean + standard error of the mean and are given in moles per gram of wet weight. 


Table 2. Changes in Levels of Creatine Phosphate during Continuous and Intermittent Arrest? 


Arrest Arrest Arrest 
Group Control 60 Min Reperfusion 120 Min Reperfusion 180 Min Reperfusion 
Continuous 7.234046 2.994035 X 177 +0.18 X 1.55+0.22 5.81 + 0.98 
arrest 
(n = 7) 
Intermittent 4.75 + 0.50 1.87 € 0.18 6.98 + 0.65 3.14 +4 0.36 6.12 + 0.81 2.48 € 0.58 3.94 + 0.79 
arrest 
(n — 7) 





^ Values are expressed as mean + standard error of the mean and are given in moles per gram of wet weight. 
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Fig 3. Levels of adenosine triphosphate (ATP) degrada- 
tion during three-hour cardioplegic arrest show the ef- 
fect of intermittent versus continuous arrest. 


Myocardial reperfusion produced typical 
changes in high-energy phosphate compounds. 
There was a significant fall in ATP from isch- 
emic levels and a rise in CP associated with 


Fig 4. Levels of creatine phosphate (CP) degradation 


during three-hour cardioplegic arrest show the effect of 
intermittent versus continuous arrest. 
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reperfusion. After three hours of uninterrupted 
arrest and then 30 minutes of reperfusion, myo- 
cardial ATP fell by 25% and CP rose to 80% of 
control. Intermittent arrest, on the other hand, 
produced changes in ATP and CP levels each 
time reperfusion occurred with ATP falling and 
CF rising (see Fig 3, 4). With subsequent car- 
dioplegic arrest, the ATP level rose slightly and 
CI fell. The ultimate result was that after a total 
of three hours of intermittent arrest and reper- 
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fusion, ATP was reduced by 3796 from control 
while CP was at 8396 of control. Comparing in- 
termittent with continuous arrest after three 
hours of arrest and reperfusion, ATP was re- 
duced in both groups compared with control, 
but the greater decrease was seen with the in- 
termittent arrest technique. However, CP was 
at a comparable level with both techniques, 
reaching 8096 (continuous) and 8396 (intermit- 
tent) of control levels. 


Comment 

A number of reports have described the adverse 
effects that can occur with repetitive ischemia 
and reperfusion. These effects are as follows: (1) 
myocardial cellular edema due to increased cell 
membrane permeability [8, 10, 15]; (2) de- 
pression of myocardial enzymes including the 
high-energy phosphate compounds and suc- 
cinic dehydrogenase and increase in free phos- 
pholipids [9, 11, 13, 14]; (3) defective cellular 
calcium handling with calcium sequestration 
within mitochondria [20, 21]; and (4) markedly 
impaired myocardial contractility and com- 
pliance [11, 17]. In fact, it has been accepted 
that reperfusion of ischemic myocardium can 
actually exacerbate rather than alleviate the isch- 
emic process by leading to increased tissue 
pressure from edema and selective suben- 
docardial underperfusion [1, 6, 15]. 

These adverse effects of reperfusion obvi- 
ously are dependent on the degree of myocar- 
dial ischemia present. If the duration of isch- 
emia is strictly limited, it is doubtful that many 
of these changes would take place [17, 21]. 
Again, if the myocardial tissue can be modified 
in some fashion, for example, by using 
hypothermic cardioplegia, the tissue theoreti- 
cally could not have as great an oxygen debt 
when reperfused, and the changes described 
could be avoided. Finally, if the nature of re- 
perfusion is altered so as to modify perfusate 
pressure and composition, changes induced by 
reperfusion might also be eliminated. 

Our laboratory has previously shown that 
two hours of uninterrupted hypothermic car- 
dioplegic arrest can be well tolerated following 
reperfusion and allow normal contractility and 
compliance and well-maintained high-energy 
phosphate levels [7, 9]. Extending this ischemic 
duration to an uninterrupted three hours, as in 


the present study, documents depressed con- 
tractility (51% of control), decreased com- 
pliance (34% of control), and significant ATP 
and CP degradation upon reperfusion. In this 
study, we attempted to determine if intermit- 
tent reperfusion would reverse these effects and 
permit three-hour arrest without obvious myo- 
cardial depression. 

Reperfusion was carried out after each hour 
of cardioplegic arrest to limit myocardial isch- 
emia. The first hour's arrest produced a sharp 
drop in CP, which appropriately rose above the 
preischemic level with reperfusion (see Fig 4). 


‘The sharp drop in the CP level with ischemia is 


secondary to its role as a pool of high-energy 
phosphate available to regenerate ATP [17]. The 
rapid rise in the CP level with reperfusion is 
related to the maintenance of free creatine 
moieties during the ischemic process and their 
ready phosphorylation on the return of oxida- 
tive metabolism [12, 16]. It was shown by Kü- 
bler and Spieckermann [13] that reestablishment 
of the preischemic CP level with reperfusion is 
a sign of tolerable myocardial ischemia and that 
a depressed CP level with reperfusion reflects 
myocardial ischemia beyond the limits of toler- 
ance. As documented in this study, three hours 
of arrest, intermittent or continuous, prevents 
complete recovery of the preischemic CP level. 
ATP, on the other hand, remains stable dur- 
ing hypothermic cardioplegic arrest whether it 
lasts one or three hours (see Fig 3). There is, 
however, a significant decrease in the ATP level 
upon reperfusion. This response is in keeping 
with results previously reported by our own 
group [9] and supported by others [13]. The fall 
in ATP with reperfusion reflects dephosphory- 
lation in excess of production. The fact that no 
reversal of this effect was noted after three 
hours of arrest and 30 minutes of normothermic 
reperfusion is indicative of the inadequacy of 
the reperfusion to fully reverse the effects of 
ischemia and may reflect myocardial ischemia 
beyond the level of tolerance for reversal. 
Animals subjected to intermittent reperfu- 
sion demonstrated markedly depressed con- 
tractility, unmeasurable compliance, and de- 
creased perfusion after three hours of arrest and 
reperfusion. These measurements show the ef- 
fects of what can be termed a reperfusion in- 
jury, a reflection of increased myocardial edema 
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leading to a measurable decrease in coronary 
blood flow with vasoconstriction and progres- 
sive ischemic injury [8]. All measured variables 
point to a greater depression in the functional 
status of the myocardium with intermittent re- 
perfusion than with continuous ischemic arrest. 

While it appears that myocardial preservation 
cannot be optimally maintained for three hours 
of arrest using our present cardioplegic regi- 
men, whether by continuous or intermittent 
hypothermic cardioplegia, the results of this 
study support the conclusion that continuous, 
uninterrupted arrest provides less myocardial 
injury than does repeated reperfusion of the 
ischemic myocardium. It is also obvious that 
hypothermic cardioplegia does not entirely 
prevent the effects of oxygen and substrate de- 
privation. This is apparent by monitoring CP 
during the ischemic interval. An ideal method 
of myocardial preservation would allow CP to 
be maintained at, or near, control levels during 
the entire ischemic arrest period, and our pres- 
ent methods do not allow this. 
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Clinical Experience with Cold Blood 
as the Vehicle for Hypothermic Potassium Cardioplegia 


Hendrick B. Barner, M.D., George C. Kaiser, M.D., John E. Codd, M.D., 
Denis H. Tyras, M.D., D. Glenn Pennington, M.D., Hillel Laks, M.D., 


and Vallee L. Willman, M.D. 


ABSTRACT Intermittent cold ischemic arrest was 
compared with hypothermic potassium cardioplegia 
using cold blood as the vehicle in two consecutive 
series of patients having isolated coronary bypass 
grafting. Between January 1, 1977, and June 30, 1977, 
196 patients were operated on using cold ischemic 
arrest. The incidence of perioperative infarction was 
14.3%, and mean total myocardial ischemia time was 
42 + 1.2 minutes. From July 1, 1977, to June 30, 1978, 
there were 428 operations done using cold blood 
with potassium. The incidence of perioperative in- 
farction was 5.6% (p « 0.005), and the mean total 
myocardial ischemic time was 80 + 2.1 minutes. In 
the five years prior to this study, the incidence of 
perioperative infarction was constant at 13% while 
operative mortality was declining from 5 to 1% and 
the need for postoperative myocardial support was 
declining also. 

Use of cold blood potassium cardioplegia com- 
pared with cold ischemic arrest for myocardial pro- 
tection during coronary artery operations has sig- 
nificantly reduced the incidence of perioperative 
infarction while doubling cross-clamp time. 


Experimentally we compared cold blood, hy- 
perkalemic cold blood, and an asanguine- 
ous cold hyperkalemic solution using intermit- 
tent perfusion of the myocardium during 2 
hours of aortic cross-clamping [1]. We found 
that cold blood was inferior to the other mo- 
dalities with regard to return of ventricular 
function and that cold blood with potassium 
was superior to the cardioplegic solution with 
regard to heart water and metabolism. 
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. On the basis of these observations, we began 
using cold blood with potassium clinically on 
July 1, 1977, and have compared our experience 
during the ensuing twelve months (study pe- 
riod) with the previous six months (control pe- 
riod). 


Methods 

Ihe details of our technique for myocardial 
preservation using cold blood with potassium 
have been described [15]. In brief, they are as 
follows: systemic hypothermia to 26° + 1°C; 
aortic cross-clamping at the onset of ventricular 
fibrillation; aortic root perfusion with 300 to 400 
ml of blood at 10°C containing potassium chlo- 
ride at a final concentration of 31 + 2 mEq per 
liter by hand syringe in 50 ml increments; re- 
peat perfusion every 20 to 30 minutes using 200 
to 300 ml of blood at 10°C with the same con- 
centration of potassium; and the application of 
crushed ice, made from lactated Ringer’s solu- 
tion, to the heart with each root perfusion. 

Prior to use of cold blood with potassium, 
i.e., in the control period, our technique for 
myocardial preservation consisted of the fol- 
lowing: systemic hypothermia to 26° + 1°C; in- 
termittent aortic cross-clamping for 15 to 30 
minutes; 5-minute intervals of reperfusion with 
a beating heart between cross-clamp intervals; 
and liberal application of crushed ice to the 
heart during cross-clamping. 

The standard 12 lead 'electrocardiogram 
(ECG) was obtained preoperatively and on days 
1, 3, 5, and 7 postoperatively. Acute infarction 
was diagnosed when a new Q wave or Q-5 de- 
flection associated with characteristic S-T. seg- 
ment and T wave changes developed: post- 
operatively and persisted. Standard analytical 
methods were used to measure serum glutamic 
oxaloacetic transaminase (SGOT) and lactic de- 
hydrogenase (LDH) and its isoenzymes pre- 
operatively and on postoperative days 1, 3, and 


2c 
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5. Total creatine phosphokinase (CPK) and its 
isoenzymes were measured preoperatively and 
24 and 48 hours postoperatively. An SGOT 
greater than 100 sigma units, an LDH, level 
greater than 150 IU and greater than LDH;, or a 
serum CPK-MB level greater than 40 sigma 
units were considered abnormal. Infarction was 


- diagnosed by elevation of LDH, on one or more 


determinations and was supported by the ele- 
vation of SGOT and serum CPK-MB. We then 
classified infarctions as being ECG-enzyme or 
enzyme infarctions. 


Results 

There were 196 patients having coronary artery 
bypass grafting without ancillary procedures in 
the control period (January 1, 1977, to June 30, 
1977). There were 28 (14.3%) perioperative in- 
farctions; 15 (54%) were ECG-enzyme and 13 
(46%) were enzyme only. Mean total cross- 
clamp time for all patients in the control group 
was 42 + 1.2 minutes (range, 15 to 90 minutes), 
and for those with perioperative infarction it was 


51 + 3.1 minutes (p < 0.02). Pump time for the 


entire group was 116 + 2.6 minutes (range, 24 
to 236 minutes) and for those with periopera- 
tive infarction it was 151 + 7.0 minutes (p < 
0.001). There were 2.8 grafts per patient in the 
total group and 3.2 in those with perioperative 
infarction. 

In the study group (July 1, 1977, to June 30, 
1978), 428 patients had isolated coronary artery 
bypass. Perioperative infarction occurred in 24 
(5.6%). Sixteen infarctions (67%) were mea- 
sured by ECG-enzyme criteria and 8 (33%) by 
enzyme only. Mean cross-clamp time for the 
total group was 80 + 2.1 minutes (range, 15 to 
165 minutes) and for those with perioperative 
infarction, 89 + 6.6 (p = not statistically signifi- 
cant [ns]). Pump time for the entire group was 
121 + 3.1 minutes (range, 30 to 300 minutes) 
and for those with perioperative infarction, 145 
+ 10.3 minutes (p = ns). There were 2.9 grafts 
per patient in this group and 3.3 in those with 
perioperative infarction. 

Thus, the rate of perioperative infarction fell 
from 14.3% to 5.6% (p < 0.005) (chi-square test) 
while cross-clamp time doubled (from 42 to 80 
minutes) and pump time was unchanged. 


Comment 

We close to study patients undergoing isolated 
coronary bypass grafting to obtain a relatively 
large number of patients having a fairly stan- 
dardized operative procedure. Although the 
adequacy of techniques for myocardial protec- 
tion might be assessed in several ways, we 
chose to look at the incidence of perioperative 
infarction for several reasons. 

First, in the five years prior to this study, we 
were concerned particularly with the diagnosis 
of perioperative infarction [3-5]. During this 
interval, its incidence was relatively constant at 
13% per year (10% ECG-enzyme and 3.3% en- 
zym only). 

Second, operative mortality has declined to 
such a low level (1.0% in 1977 and 2.2% in 1978) 
(p = ns) that it would not reflect improvement 
in o2erative technique. 

Third, the need for postoperative inotropic 
support (396) or the intraaortic balloon pump 
(1%) was so infrequent during the interval of 
this study that these yardsticks would not 
provide meaningful data with regard to im- 
provement in techniques for myocardial pro- 
tect.on. 

Although hypothermic potassium cardio- 
plegia is now widely employed and there are 
several reports that attest to this current vogue 
[7—3, 18, 21, 22, 24], there are few comparative 
studies [6, 16]. Randomized clinical studies are 
difticult to conduct, particularly when a new 
modality appears better than the old. Compari- 
son of two consecutive series of patients fre- 
quently fails to identify other, often times sub- 
tle. changes in methodology that can alter 
results. Consequently, the results of the study 
are attributed to the variable under investigation 
rather than to these changes. However, the con- 
stency of our incidence of perioperative infarc- 
ticn over a five-year interval, while operative 
mortality and the need for postoperative phar- 
macological and mechanical support were de- 
clining, suggests a strong cause-and-effect re- 
lationship between the introduction of cold 
blood potassium cardioplegia and reduction in 
the frequency of perioperative infarction. 

Follette and co-workers [10] employed cold 
blood potassium cardioplegia in 77 patients and 
ccntinuous coronary perfusion or intermittent 
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hypothermic ischemic arrest in 71 control pa- 
Gents. In a comparison of the results, the former 
technique gave superior results with regard to 
myocardial necrosis, perioperative infarction, 
cardiac output, the need for circulatory support, 
and operative mortality. The need for proper 
conduct of cold blood potassium cardioplegia 
has been emphasized [8]. 

There are two randomized studies of cold 
potassium cardioplegia using an asanguineous 
vehicle. Both support the benefits of this 
method for myocardial preservation over in- 
termittent ischemia with systemic and cardiac 
hypothermia [6, 16]. 

A significant reduction in operative mortality 
has been reported with the use of hypothermic 
potassium cardioplegia in patients having aor- 
tic valve replacement combined with coronary 
bypass grafting [17, 20]. Similarly, in a group of 
patients at higher risk for coronary artery 
bypass grafting because of impaired left ven- 
tricular function, the use of cold blood potas- 
sium cardioplegia reduced operative mortality 
and the incidence of perioperative infarction 
[25]. 

A recent randomized clinical study of 50 pa- 
tients suggests that hyperkalemia (20 mEq per 
liter) provided no additional benefit over low 
potassium (5 mEq per liter) in a cold cardio- 
plegic solution during 45 minutes of myocardial 
ischemia with regard to the need for inotropic 
support, perioperative infarction, total CPK 24 
hours postoperatively, and ventricular function 
[23]. However, it is well recognized, that good 
myocardial protection is provided by perfusion 
and topical hypothermia to 13°C for an interval 
of 45 to 60 minutes; therefore, this is not an 
adequate test of hypothermic potassium car- 
dioplegia [14]. 

Use of blood as the vehicle for potassium car- 
dioplegia resulted from our experimental ob- 
servations as well as other considerations. Use 
of an “off the shelf” noncolloid electrolyte solu- 
tion carries the risk of calcium-free infusate 
in the case of isotonic saline solution [12], 
and lactated Ringer's solution is disadvantage- 
ous because of lactate [11]. Noncolloid solutions 
may contribute to cardiac edema. Fabrication 
of an appropriate colloid-containing solution 


proved to be very expensive from the stand- 
point of cost of colloid, labor, and sterilization. 

Use of a small aliquot of blood from the ex- 
tracorporeal circuit after institution of car- 
diopulmonary bypass required no additional 
prime. This blood (hematocrit, 20 to 25%) con- 
tains colloid, a physiological buffering system, 
physiological levels of glucose and electrolytes, 
and oxyhemoglobin. The last is of considerable 
theoretical importance. If the myocardial oxy- 
gen consumption of a heart during potassium 
cardioplegia with cold blood at 22°C is 0.3 ml 
per 100 gm per minute [2], then a 500 gm heart 
would require 30 ml of oxygen over 20 minutes 
for basal cell metabolism. If 300 ml of: blood 
were infused every 20 minutes and the oxygen 
content were depleted from 20 to 10 ml per 100 
ml, then 30 ml of oxygen would be delivered, or 
enough to meet the oxygen cost of cell metabo- 
lism under these conditions. Delivery of this 
much oxygen is attainable despite the unfavor- 
able shift of the oxyhemoglobin dissociation 
curve as a result of hypothermia [19]. Thus, the 
practical, economical, and physiological ad- 
vantages of blood as the vehicle for potassium 
cardioplegia are supported by the caution 
urged by Jynge and associates [13] regarding 
the formulation of coronary infusates. 


References 


1. Barner HB, Laks H, Codd JE, et al: Cold blood as 
the vehicle for potassium cardioplegia. Ann 
Thorac Surg 28:509, 1979 

2. Buckberg GD, Brazier JR, Nelson RL, et al: Stud- 
ies of the effects of hypothermia on. regional 
myocardial blood flow and metabolism during 
cardiopulmonary bypass: I. The adequately 
perfused beating, fibrillating, and arrested heart. 
J Thorac Cardiovasc Surg 73:87, 1977 

3. Codd JE, Sullivan RG, Wiens RD, et al: Myocar- 
dial injury following myocardial revasculariza- 
tion. Circulation 56:Suppl 2:49, 1977 

4. Codd JE, Wiens RD, Barner HB, et al: Steroids 
and myocardial preservation. J Thorac Car- 
diovasc Surg 74:418, 1977 

5. Codd JE, Wiens RD, Kaiser GC, et al: Late 
sequelae of perioperative myocardial infarction. 
Ann Thorac Surg 26:208, 1978 

6. Conti VR, Bertranou EG, Blackstone EH, et al: 
Cold cardioplegia versus hypothermia for myo- 
cardial protection: randomized clinical study. J 
Thorac Cardiovasc Surg 76:577, 1978 





227 Barner et al: Cold Blood for Hypothermic Potassium Cardicplegia 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


. Craver JM, Sams AB, Hatcher CR Jr: Potassium 


induced cardioplegia: additive protection 
against ischemic myocardial injury during coro- 
nary revascularization. J Thorac Cardiovasc Surg 
76:24, 1978 


. Cunningham JN Jr, Adams PX, Knopp EA, et al: 


Preservation of ATP, ultrastructure, and ven- 
tricular function following aortic cross-clamping 
and reperfusion: clinical use of K* blood car- 
dioplegia. ] Thorac Cardiovasc Surg (in press) 


. Fisk RL, Gelfand ET, Callaghan JC: Hypothermic 


coronary perfusion for intraoperative cardio- 
plegia. Ann Thorac Surg 23:58, 1977 

Follette DM, Mulder DG, Maloney JV Jr, et al: 
Advantages of blood cardioplegia over continu- 
ous coronary perfusion or intermittent ischemia: 
experimental and clinical study. J Thorac Car- 
diovasc Surg 76:604, 1978 

Hearse DJ, Stewart DA, Braimbridge MV: Myo- 
cardial protection during bypass and arrest: a 
possible hazard with lactate-containing infu- 
sates. J Thorac Cardiovasc Surg 72:880, 1976 
Holland CE jr, Olsen RE: Prevention by 
hypothermia of paradoxical calcium necrosis in 
cardiac muscle. J Mol Cell Cardiol 7:917, 1975 
Jynge P, Hearse DJ, de Leiris J, et al: Protection of 
the ischemic myocardium: ultrastructural, en- 
zymatic, and functional assessment of the effi- 
cacy of various cardioplegic infusates. J Thorac 
Cardiovasc Surg 76:2, 1978 

Kay HR, Levine FH, Fallon JT, et al: Effect of 
cross-clamp time, temperature, and cardioplegic 
agents on myocardial function after induced ar- 
rest. J Thorac Cardiovasc Surg 76:590, 1978 

Laks H, Barner HB, Kaiser G: Cold blood car- 
dioplegia. J Thorac Cardiovasc Surg 77:319, 
1979 

Lolley DM, Ray JF III, Myers WO, et al: Reduc- 


juo 


18. 


19. 


20. 


e. 


22. 


23. 


24. 


25. 


ton of intraoperative myocardial infarction by 
means of exogenous anaerobic substrate en- 
Fancement: prospective randomized study. Ann 
Thorac Surg 26:515, 1978 

Lundell DC, Laks H, Geha AS, et al: The impor- 
tance of myocardial protection in combined aor- 
Hc valve replacement and myocardial revas- 
cularization. Ann Thorac Surg 28:501, 1979 
Molino JE, Feiber W, Sisk A, et al: Cardioplegia 
without fibrillation or defibrillation in cardiac 
surgery. Surgery 81:619, 1977 

Penrod KE: Cardiac oxygenation during severe 
hypothermia in dog. Am J Physiol 164:79, 1951 
Richardson JV, Kouchoukos NT, Wright JO III, et 
al: Combined aortic valve replacement and myo- 
cardial revascularization: results in 200 patients. 
Circulation 59:75, 1979 

Roe BB, Hutchinson JC, Fishman NH, et al: 
Viyocardial protection with cold, ischemic 
2otassium-induced cardioplegia. J Thorac Car- 
diovasc Surg 73:366, 1977 

Trehan N, Adams P, Brazier J, et al: Clinical ex- 
perience using induced cardioplegia with 
aypothermia in aortic valve replacement. Circu- 
lation 53, 54:Suppl 2:181, 1976 

Tucker WY, Ellis RJ, Mangano DT, et al: Ques- 
tionable importance of high potassium concen- 
trations in cardioplegic solutions. J Thorac Car- 
diovasc Surg 77:183, 1979 

Tyers GFO, Manley NJ, Williams EH, et al: 
Preliminary clinical experience with isotonic hy- 
pothermic potassium-induced arrest. J Thorac 
Cardiovasc Surg 74:674, 1977 

Tyras DH, Kaiser GC, Barner HB, et al: Coronary 
artery bypass grafting and poor left ventricular 
function: benefits of potassium cardioplegia. 
Presented to the Société Internationale de 
Chirurgie, San Francisco, CA, Sept 2-8, 1979 


Early Extubation Following Pediatric 
Cardiothoracic Operation: A Viable Alternative 


Paul G. Barash, M.D., Frances Lescovich, R.N., Jonathan D. Katz, M.D. 


f 


Norman S. Talner, M.D., and H. C. Stansel, Jr., M.D. 


ABSTRACT A protocol is presented that facilitates 
early extubation following pediatric cardiothoracic 
operations. A total of 197 consecutive patients were 
managed according to this protocol. Fifty percent of 
the patients were less than 3 years old. Cardiopul- 
monary bypass was required in 113 (57%) of the sur- 
gical procedures. Extubation immediately following 
the surgical procedure was accomplished in 142 
(72%) of the patients. Pulmonary complications oc- 
curred in 8 of these 142 patients (696) and in 10 (1896) 
of the 55 patients requiring postoperative mechani- 
cal ventilation. Of the patients having early extuba- 
tion, 5 (4%) required reintubation. One death in this 
group was unrelated to pulmonary function. There 
were 16 deaths among the 55 patients managed with 
mechanical ventilation. Carefully conducted early 
extubation provided specific advantages over 
routine postoperative mechanical ventilation. Mod- 
ern techniques of anesthesia and surgical repair of 
congenital heart disease can decrease the require- 
ment for postoperative mechanical ventilation and 
the potential for related complications. 


The optimal postoperative respiratory man- 
agement for pediatric cardiothoracic patients 
remains controversial [14]. Most innovations 
for postoperative care have been variations on 
the common theme of mechanical respiratory 
support. Thus, positive end-expiratory pres- 
sure (PEEP), intermittent mandatory ventila- 
tion, and continuous positive-airway pressure 
are all techniques designed to complement tra- 
ditional positive-pressure ventilation [3, 4, 8, 
12, 13]. However, as with any invasive inter- 
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vention, tracheal intubation and mechanical 
ventilation is not without its hazards. Even 
short-term mechanical ventilation can be asso- 
ciated with major complications as a result of 
laryngotracheal trauma, mucous plugs, kinking 
of the endotracheal tube, and accidental extu- 
bation [3, 8, 9, 12, 13]. 

Both the surgical and anesthetic technique 
can have a great influence on the potential for 
obligatory postoperative mechanical ventila- 
ton. In an effort to judiciously employ me- 
chanical ventilation and minimize the risk of 
complications associated with intubation, we 
have adopted a management protocol for 
pediatric cardiothoracic procedures that facili- 
tates early extubation. Our technique em- 
phasizes the use of objective measurements of 


pulmonary function to aid in defining the . 


group of pediatric patients in whom mechanical 
ventilation is not required. This report presents 
an evaluation of the protocol. 


Material and Methods 
A total of 197 consecutive postoperative pa- 
tients were evaluated in the operating room and 
the pediatric cardiovascular intensive care unit. 
Fifty percent of the patients were less than 3 
years old, 3296 were less than 1 year old, and 
996 were less than 1 week old (Table 1). Car- 
diopulmonary bypass (CPB) was required in 
5796 (113) of the surgical procedures: repair of 
ventricular septal defect, 37 patients; repair of 
tetralogy of Fallot, 22; pulmonary valvotomy, 
18; repair of atrial septal defect, 13; valve re- 
placement, 6; Mustard procedure, 6; atrial sep- 
tectomy, 5; repair of anomalous pulmonary ve- 
nous drainage, 4; and Rastelli procedure, 2 
patients. In 84 operations (4396), CPB was not 
utilized: shunt (systemic pulmonary artery), 25 
patients; ligation of patent ductus arteriosus, 
25; thoracotomy, 17; coarctation repair, 16; and 
pulmonary banding, 1 patient. 

Premedication in the older children consists of 
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Table 1. Age Groups of 197 Patients Undergoing 
Pediatric Cardiothoracic Operation 








No. of 

Age Patients Percent 

« 1 wk 18 9 

1 wk-1 yr 45 23 | 50% 
1-3 yr 35 18 

3-6 yr 49 25 

6-10 yr 28 14 

10 yr 22 11 


the intramuscular administration of secobarbi- 
tal (4 mg per kilogram of body weight) and 
morphine sulfate (0.1 mg per kilogram) one 
hour prior to induction of general anesthesia. 
Depending on physiological status, neonates 
and infants receive either no premedication or 
atropine sulfate (0.02 mg per kilogram ad- 
ministered intramuscularly) alone. Induction 
is accomplished with 1 to 2% halothane (or en- 
flurane) in oxygen as tolerated. Succinylcholine 
(1 mg per kilogram) is administered intrave- 
nously prior to orotracheal intubation. The ap- 
propriate sized endotracheal tube allows a slight 
leak at 20 cm H,O positive pressure. A warm- 
ing light and a warming blanket are used to 
maintain body temperature at 37°C. Anes- 
thesia is maintained with 50% nitrous oxide in 
oxygen and halothane as tolerated. Two min- 
utes prior to the initiation of CPB, succinyl- 
choline (2 mg per kilogram) is administered 
intravenously. In those patients in whom low- 
flow CPB is to be employed, a small dose of a 
longer acting muscle relaxant, pancuronium 
(0.05 mg per kilogram) is administered. Anes- 
thesia during CPB is maintained with 
halothane or enflurane. After the patient is suc- 
cessfully weaned from CPB, inhalation anes- 
thesia is reinstituted with nitrous oxide in oxy- 
gen and halothane. 

Following closure of the sternum, assisted 
ventilation is initiated. Evaluation and therapy 
are then directed toward early extubation. After 
the skin incision is sutured, clinical judgment 
regarding physiological stability is made before 
a trial of spontaneous ventilation is undertaken. 
In particular, if circulatory support is required 
(inotropic or antiarrhythmic agents), if there is 


a need for excessive blood replacement, or if 
there are signs of gross pulmonary dysfunction, 
the patient does receive ventilatory support. 

The tracheobronchial tree is irrigated with 
normal saline solution (1 to 2 ml) and intermit- 
tently suctioned until free from secretions. If 
the patient is judged to be clinically stable, he is 
then evaluated for early extubation using the 
following criteria (Figure): (1) cardiovascular 
and 2ulmonary stability; (2) adequate level of 
consciousness; (3) tidal volume (TV) > 6 cc per 
kilogram; (4) vital capacity (VC) > 12 to 18 
cc/kg; (5) inspiratory force exceeding — 20 cm 
HO, and (6) satisfactory arterial blood gases. 
This last criterion can raise a few problems be- 
cause it is difficult to define dogmatically what 
cons-itutes "satisfactory" arterial blood gases 
among these patients. Asa guideline only, we ac- 
cept the following: (1) for a child undergoing re- 
pair of a congenital heart defect, the base deficit 
had to be « 4 mEq per liter and the alveolar- 
arterial oxygen gradient « 250 mm Hg (inspired 
oxygen fraction of 1.0); and (2) for a child un- 
dergoing palliation only, the base deficit had to 
be « 6 mEq per liter and the partial pressure of 
arterial oxygen ~ 35 to 40 mm Hg (inspired 
oxygen fraction of 1.0). 

Ater meeting these criteria, the patient is 
extubated. For 5 minutes, 10096 oxygen is ad- 
ministered by face mask, and repeat arterial 
blocd gases are analyzed. If satisfactory, the 
patient is transferred to the intensive care unit. 
Racemic epinephrine (Vaponefrin) (1:8 dilu- 
tion) is prophylactically administered by inter- 
mittent positive-pressure breathing (IPPB) for 
prevention of laryngeal edema after intubation 
[7]. Subsequently, two consecutive IPPB treat- 
ments are given with isoetharine hydrochloride 
(Brcnkosol) as prophylaxis against broncho- 
spasm. When IPPB is not tolerated, these treat- 
ments are administered with a face mask 
nebulizer. 

If the patient does not meet the criteria for 
early extubation, mechanical ventilation is in- 
stituted. The orotracheal tube is then ex- 
changed for a nasotracheal tube. Coordination 
of the patient with mechanical ventilation (or 
intermittent mandatory ventilation) and PEEP is 
achieved by titrating morphine. If large doses 
of morphine are required (> 0.5 mg per kilo- 
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Flow chart used in postoperative decision-making for 
early extubation. (LOC = level of consciousness; TV = 
tidal volume; IF = inspiratory force; VC = vital capac- 


ity; ABG = arterial blood gases; ICU = intensive care 
unit.) 


gram) or if hypotension occurs, neuromuscular 
blockade with intermittent intravenous infu- 
sion of pancuronium (0.05 to 0.1 mg per kilo- 
gram) is employed. Once cardiopulmonary sta- 
bility is achieved, the weaning process is begun 
using intermittent mandatory ventilation with 
3 to 5 cm H,O PEEP. After meeting the previ- 
ously described criteria, the patient is extu- 
bated with 3 to 5 cm H,O continuous positive- 
airway pressure for 15 to 30 minutes. 

Monitors for the intraoperative and immedi- 
ate postoperative period include an electrocar- 
diograph, arterial and venous pressure, 
esophageal stethoscope, temperature (tym- 
panic, esophageal, rectal), and urine output. 
Arterial and venous blood is analyzed for pH, 
partial pressure of oxygen (Po,), blood sugar, 
and serum potassium. The TV and VC (crying 
vital capacity in infants and babies) are mea- 
sured with a respirometer and inspiratory 
force, with an inspirometer." 


Results 

Extubation in the operating room was accom- 
plished in 121 of 197 patients (6196). An addi- 
tional 21 patients (1196) requiring no mechani- 
cal ventilation were admitted in the intensive 
care unit and were extubated shortly after arri- 
val. These 142 (7296) patients constituted the 
group having early extubation. 

Only 55 patients (2896) required any form of 
mechanical ventilation. Seventy-five percent of 
these patients were extubated within 24 hours, 
and only 1496 required mechanical ventilation 
longer than 72 hours. If it was necessary for 
more than 96 hours, the patient was said to 
have a weaning problem. Seven of the 55 pa- 
tients (13%) were in this category. All7 patients 
had notable preexisting pulmonary as well as 
cardiac dysfunction and required CPB for more 
than 30 minutes. These 7 patients ultimately re- 
quired tracheostomy. There were 2 deaths in 
this group. There were no tracheal complica- 
tions among the survivors. 

Pulmonary complications were observed in 


"Initially, a Wright respirometer was used to assess ventila- 
tion (TV and VC). However, it was relatively insensitive in 
pediatric patients with low flow rates or TV. The mini- 
spirometer (Boehringer model no. 8805) offers a greater sen- 
sitivity for these measurements. 
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696 of the patients in the group with early extu- 
bation (p « 0.05 by chi-square test). Of these 
8 patients, 6 had atelectasis and 2, lobar col- 
lapse. In the patients requiring mechanical 
ventilation, 1896 had pulmonary complications. 
These complications included atelectasis (7 pa- 
tients), pneumonia (2), and hemorrhagic pul- 
monary edema (1). 

No patient required immediate reintubation 
in the operating room. Reintubation ultimately 


was necessary in 6 of 197 patients (3%). Five 


(496) were among the 142 with early extubation. 
These patients had met all criteria for extuba- 
tion. In two instances, the patient had border- 
line pulmonary function for extubation, and a 
therapeutic trial of extubation was elected to 
avoid airway problems that had been encoun- 
tered following previous operation. In both pa- 
tients, respiratory distress was evident 8 to 12 
hours following extubation, and the patients 
were reintubated. Twelve hours later, both pa- 
tients again met the criteria and were success- 
fully extubated. One patient with a history of 
seizures sustained a postoperative seizure that 
required reintubation to secure the airway. 

Overall mortality for the entire series was 896 
(16 out of 197). No death was related to early 
extubation. Of the 142 patients managed with 
early extubation, there was only 1 death in the 
postoperative period. Of the 55 patients man- 
aged with mechanical ventilation, 15 died 
(2796). 


Comment 

A review of the literature suggests that me- 
chanical ventilation is still widely used in the 
postoperative management of infants and chil- 
dren undergoing cardiac and thoracic surgery 
[3, 4, 8, 12-14]. Previously, early extubation 
was dismissed a priori [12]. Clinical mea- 
surements were not routinely available or were 
not used to delineate successfully the group of 
patients who required postoperative ventilatory 
support. Although there are definite indica- 
tons for postoperative mechanical ventila- 
tion, it is not without hazard. Clinical experi- 
ence suggests that in the pediatric age group 
there is a relationship between the duration of 
intubation and the rate of complication. Com- 
monly reported complications include laryngeal 


and tracheal trauma, infection, and mucous 
plugs. Àn example of an unfavorable outcome 
resulting from mechanical ventilation is the re- 
port of 4 deaths directly related to it in a group 
of 53 infants following a cardiothoracic opera- 
tion [4]. Less frequently recognized is the po- 
tential for exacerbation of pulmonary dysfunc- 
tion as a result of mechanical ventilation. Lack 
of coordination of the patient with the ven- 
tilator can increase ventilation/perfusion mis- 
match, and produce pulmonary barotrauma 
and c-rculatory insufficiency. 

Certain features of the early extubation pro- 
tocol deserve special emphasis. We believe that 
the use of a potent inhalation anesthetic, such 
as halothane or enflurane, as the primary an- 
esthe-ic in these patients is a key to intraopera- 
tive anesthetic management. Inhalation anes- 
thesia permits rapid elimination by exhalation 
of the anesthetic at the termination of the pro- 
cedu-e. In contrast, intravenous agents such as 
morrhine or diazepam, require metabolic 
degradation for a large percentage of their 
ultimate elimination. In both neonates (with 
immature metabolic pathways) and older chil- 
dren, induced and inadvertent hypothermia 
will compromise the metabolic degradation of 
these intravenously administered agents. For 
example, at 37°C the biological half-life of free 
morphine is 3.7 minutes, while at 24°C the 
half-life is 94 minutes [10]! An additional ad- 
van-age of potent inhalation anesthetics is the 
rapid control of depth of anesthesia (and the as- 
sociated cardiovascular responses). Finally, and 
perhaps most important, halothane and en- 
flurane provide potent bronchodilator action, 
which may be of assistance in the intraopera- 
tive pulmonary toilet [1, 5]. 

It is interesting to note that early infancy did 
not necessarily preclude early extubation fol- 
lowing open-heart operation. Fifty percent of 
infants less than 1 week old having open-heart 
operation were extubated in the operating 
room. After the age of 1 year, this percentage 
rose to 8096 of patients tolerating early extuba- 
tion. A parallel course was also seen among the 
grcup that had cardiac operation not requiring 
CPB (Table 2). 

Similarly, the use of intraoperative surface- 
induced profound hypothermia with circula- 
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Table 2. Age and Early Extubation 





Early Extubation Early Extubation 


Age with CPB (96) without CPB (96) 
« 1 wk 50 60 
1wk-6 mo 54 66 
6 mo-1 yr 50 60 
»1yr 80 82 


CPB = cardiopulmonary bypass. 


tory arrest did not militate against early extu- 
bation. Included in this series are 29 patients 
who underwent open-heart operation utilizing 
surface-induced profound hypothermia [2]. 
Twenty-three of them (79%) required no me- 
chanical ventilation postoperatively: 18 were 
extubated in the operating room and 5 in the 
intensive care unit. Five patients had mechani- 
cal ventilation for 24 hours. Only 1 patient re- 
quired mechanical ventilation for more than 24 


hours. This infant had notable preoperative 


pulmonary dysfunction as a result of aspiration 
of meconium in the neonatal period. 

In addition, 50% of the patients with complex 
lesions who underwent total repair, e.g., Ras- 
telli procedure, Mustard procedure, and repair 
of anomalous pulmonary drainage, were suc- 
cessfully extubated early without the need for 
mechanical ventilation. | 

The duration of operation and anesthesia 
were prominent among the major contributing 
factors leading toward the need for postopera- 
tive mechanical ventilation. Those patients re- 
ceiving CPB for more than 30 minutes had a 
three times greater chance of requiring post- 
operative mechanical ventilatory support than 
those having CPB for less than 30 minutes. In 
those patients requiring anesthesia longer than 
6 hours, the need for mechanical ventilation 
was two times greater than in the group with a 
duration of less than 6 hours. It is clear that the 
patients with more complex lesions required 
longer duration of operation and CPB. 

The use of early extubation has other advan- 


tages in addition to the observed reduction in 


pulmonary complications. In this era of cost 
containment, any technique that allows maxi- 


mal use of resources without jeopardizing pa- 


tient safety is welcome. In this series, 5096 of 


patients were discharged from the intensive 
care unit within 48 hours. This means that in- 
tensive health care resources can be more 
efficiently allocated to the group of patients 
who exhibit a greater need for intensive care, 
that is, those needing mechanical ventilation. 
Early extubation has clear psychological ad- 
vantages. Smith [11] stated that one of the most 
distressing experiences to the hospitalized 
child is prolonged ventilatory support. Early | 
extubation allows the patient to walk sooner 
and permits earlier verbal interaction between 
the patient and the staff and parents. 

Early extubation does not jeopardize patient 
safety. As experience was gained by the entire 
team, additional improvements in patient care 
were noted. The need for mechanical ventila- 
tion was reduced by 2096 in the last 50 patients 
admitted compared with the first 50. The overall 
morbidity in our patients compares favorably 
with other reported series [3, 4, 6, 12-14]. Our 
report indicates that modern techniques of 
anesthesia, in conjunction with aggressive ap- 
proaches to physiological repair or palliation of 
congenital] heart disease, can decrease the re- 
quirement for postoperative mechanical venti- 
lation and the potential for related complica- 
tions. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery will 
give a voluntary recertification examination in 
the fall of 1981. Diplomates interested in par- 
ticipating in this examination should maintain 
a documented list of their cardiothoracic op- 
erations performed two years prior to applica- 
tion for recertification. They should also keep a 
record of their attendance at thoracic surgical 
meetings and other continuing medical educa- 
tion activities for the two years prior to appli- 
cation for recertification. 


Scme time during the summer a Recertifica- 
tion Brochure will be mailed to all diplomates 
outlning the rules and requirements estab- 
lished for recertification in thoracic surgery. 
This brochure will also contain information 
about applying for the voluntary recertification 
examination. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Rd, Detroit, MI 48205. 


Long-Term Results 


of Internal Mammary Artery 


Implantation 


for Coronary Artery Disease: A Controlled Trial 


By the Participants of the Veterans Administration Coronary Bypass 


surgery Cooperative Study Group 


Report prepared by J. N. Bhayana, M.D., Andrew A. Gage, M.D., 


and Timothy Takaro, M.D. 


ABSTRACT One hundred forty-six adult men from 
sixteen Veterans Administration hospitals were en- 
tered in a controlled prospective clinical trial. 
Seventy-one patients were randomly allocated to re- 
ceive implantation of the internal mammary artery 
into the left ventricular myocardium for chronic 
ischemic heart disease with angina pectoris, and 75 
were assigned to the control group. The two treat- 
ment groups were similar at baseline with respect to 
sixteen clinical and angiographic factors thought to 
have prognostic importance. Most of the patients 
were operated on before 1970. 

Operative mortality was 1296, and implant pa- 
tency in 5296 of eligible patients studied 1 year after 
operation was 67%. At the end of follow-up ex- 
tending up to 12 years (mean, 9.3 years), cumulative 
survival for both groups was similar. Over half of 
the patients (5896) had died at the end of 10 years 
(596 per year). 

While the hypothesis on which the operation was 
based appears to be valid, the degree of revasculari- 
zation achievable in most patients did not affect 
longevity. 


A prospective randomized controlled study of 
the therapeutic effect of implantation of the 
internal mammary artery into the left ventricu- 
lar myocardium in patients with stable angina 
was begun in several Veterans Administration 
hospitals in 1966. In the first 18 months of the 
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study, only single implants in the anterolateral | 
wall of the left ventricle were performed. By 
April, 1968, the inadequacy of evaluating only 
single implants was recognized and the pro- 
tocol was revised to include double implants, 
one to the anterolateral and one to the pos- 
teroinferior wall of the left ventricle. Entry of 
patients into the study was stopped in 1972. 
The long-term results of the investigation are 
the subject of this report. 


Material and Methods 

Male patients with chronic stable angina ad- 
mitted to the sixteen participating Veterans 
Administration hospitals were screened for 
possible entry into the study. The initial criteria 
for inclusion were: 


l. A history of stable angina of 6 months' du- 
ration with medical treatment for at least 3 
months 

2. No myocardial infarction. during the 6 
months preceding admission 

3. No cardiac decompensation for at least three 
weeks 

4. Electrocardiographic evidence of old myo- 
cardial infarction or S-T segment changes 
consistent with myocardial ischemia or a 
positive exercise stress test 


Patients were excluded from the study if they 
had uncontrolled diabetes, unstable angina, 
diastolic pressure of more than 100 mm Hg after 
therapy, or any associated disease limiting their 
longevity. The purpose of the study was ex- 
plained to the patient, and informed consent 
was obtained from every patient. Following 
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substantiation of disease at coronary arteriog- 
raphy by the demonstration of at least 50% re- 
duction in luminal diameter of a major coronary 
artery, 146 patients were entered into the study. 

Randomization to the medical treatment 
group or surgical treatment group was done in 
the Veterans Administration Cooperative 
Studies Program Coordinating Center in West 


Haven, CT, by telephonic communication. The 


two treatment groups were stratified according 
to age (50 years and older or less than 50 years) 
and according to the region of the left ventricle 
supplied by a significantly narrowed coronary 
artery, i.e., involvement of the anterolateral 
wall (left anterior descending coronary or left 
circumflex coronary artery and its marginal ves- 
sels) or posteroinferior disease (right coronary 
or posterior descending coronary artery in- 
volved) or both areas. Ventricular function was 
evaluated by measuring left ventricular end- 
diastolic pressure and by left ventriculography, 
which permitted determination of ejection 
fraction, cardiac size, and contraction abnor- 
malities. Patients were rejected for entry into 
the study if they had a ventricular aneurysm, 
diffusely abnormal or very poor myocardial 
contractility, marked elevation of left ventricu- 
lar end-diastolic pressure, or a markedly di- 
minished ejection fraction. 

There was no standardized protocol for medi- 
cal therapy, which included the administration 
of nitrates (short- and long-acting), beta 
blocking agents and antiarrhythmic drugs. Pa- 
tients in the surgical group were operated on as 
early as possible following randomization. 
They also received appropriate medical treat- 
ment, including drugs. Examination during 
follow-up was performed every 3 months. 
Deaths were reported by each participating 
hospital to the Coordinating Center. BIRLS 
(Beneficiary Identification and Records Locator 
Subsystem, Austin, TX) was used to establish 
death or survival of patients who failed to re- 
turn after a 3-month interval. Patients have 
been followed up to 12 years. The baseline 
characteristics of the medical and surgical 
groups were compared, and the statistical dif- 
ferences were tested. Cumulative survival was 
calculated by life-table methods using BMD 
program X76. 


Results 

Randon allocation of 146 male patients placed 
75 patients in the medical group and 71 in the 
surgical group. Fourteen patients in the medical 
group and 6 patients in the surgical group did 
not adhere to the assigned treatment. This in- 
cludec a patient in the surgical group who died 
before the operation was performed. Thus, 
13.6% (20 of 146) of the patients did not receive 
the assigned treatment. 

Baseline variables relating to history of car- 
diac disease were distributed similarly between 
the medical and surgical groups (Table 1). 
Other characteristics, such as the presence of 
hypertension, cardiothoracic ratio, and serum 
cholesterol levels, showed nonsignificant dif- 
ferences. 

The distribution of baseline variables relating 
to coronary angiographic findings are shown in 
Table 2. The differences in the incidence of 
double- and triple-vessel disease between the 
two 2roups were not statistically significant. 
The incidence of significant left main coronary 
artery disease was nearly the same in both 
grouns. 

Ventriculographic baseline variables are pre- 
sented in Table 3. Patients were characterized 
as having abnormal left ventricular function if 
any of the following conditions were present: 
(1) resting left ventricular end-diastolic pres- 
sure greater than 14 mm Hg; (2) an ejection 
fraction less than 4596; (3) contraction abnor- 
malities, whether diffuse or localized; and (4) 
an ealarged cardiac size. Early in the study, ap- 
proximately 12 years ago, routine left ven- 
tricilography, ejection fraction, and determi- 
nation of contraction abnormalities were not 
dons. Therefore, these data are not available for 
nearly half of each group. However, available 
date show the distribution of ventriculographic 
variables in the medical and surgical groups to 
be similar. 

Tae surgical technique for internal mammary 
implantation used in the study was that de- 
scribed by Vineberg [26] and later modified by 
Sewell and colleagues [22]. The thirty-day oper- 
ative mortality of 12.3% (8 of 65) was related to 
a substantial number of complications, mostly 
cardiopulmonary (Table 4). Forty percent of the 
patients had no postoperative complications, 
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Table 1. Distribution of Variables Relating to History 





Variable 
New York Heart 


Association Functional 


Class 


Unknown 
History of previous MI? 
None 
One 
Duration of angina? 
0—5 
6—24 
= 25 
History of hypertension? 
No 
Yes 
History of. CHF? 
No 
Yes 
History of diabetes? 
No 
Yes 
History of family CHD* 
No 
Yes 


? Unknown in 2 surgical patients. l 
MI = myocardial infarction; CHF = congestive heart failure; CHD = congenital heart disease. 


Table 2. Distribution of Variables Related to Coronary Angiographic Findings 


Variable 


No. of diseased vessels? 
One 
Two 
Three 
Total 
Left main lesion 


Medical 

No. of Per- 
Patients cent 

1 1.3 
25 33.3 
45 60.0 

3 4.0 

q 1.3 
17 22.7 
58 77.3 

2 ZY 
27 36.0 
46 61.3 
63 84.0 
12 16.0 
67 89.3 

8 10.7 
61 81.3 
14 18.7 
30 40.0 
45 60.0 


Medical 


No. of 
Patients 


a In 2 surgical patients, findings unknown. 


Per- 
cent 


18.7 
30.7 
50.7 
52.1 

8.0 


Surgical 


No. of 
Patients 


Surgical 


No. of 
Patients 


Per- 
cent 


39.1 
60.9 


80.3 
16.9 


84.5. 


12.7 


80.3 
16.9 


40.8 
56.3 


Per- 
cent 


195.9 
42.0 
42.0 


47.9 
7.4 


Total 


No. of 
Patients 


59 
85 


Total 


No. of 
Patients 


25 
52 
67 


144 


Per- 
cent 


0.7 
26.7 
64.4 

9.9 

2.7 


28.1 
70.5 


1.4 
37.5 
61.2 


82.2 
16.4 


87.0 
11.6 


80.8 
17.8 


40.4 
58.2 


Per- 
cent 


17.4 
36.1 
46.5 


100.0 
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Table 3. Distribution of Variables Related to Left Ventriculozraphy 


tnt POF PET SSS SSS Sse ERR EASDEM ERE E MOM M MM UE MEMeE MONI ME eee 





Medical Surgical Total 
No. of Per- No. of Per- No. of Per- 

Variable Patients cent Patients cent Patients cent 
LV size 

Normal 43 57:9 46 64.8 89 61.0 

Abnormal 12 16.0 10 14.1 22 15.1 

Unknown 20 26.7 15 PAP 35 24.0 
LV contractility 

Normal 33 44.0 43 60.6 76 52.1 

Abnormal 23 30.7 14 19.7 37 25.3 

Unknown 19 | 25.3 14 19.7 33 22.6 
EF 

= 50 15 20.0 16 22.5 31 21.2 

< 50 5 6.7 5 7.0 10 6.8 

Unknown 55 73.3 50 70.4 105 71.9 
LV function 

Normal 6 8.0 8 11.3 14 9.6 

Abnormal? 33 44.0 27 38.0 60 41.1 

Unknown 36 48.0 36 50.7 72 49.3 
LVEDP 

Normal 57 76.0 52 73.2 109 74.6 

Abnormal? 15 20.0 14 19.7 29 20.0 

Unknown 3 4.0 5 7.0 8 5.5 


2 One or more of these variables abnormal: cardiac size, left ventricular contractility; LVEDP greater than 14 mm Hg; LV 


ejection fraction less than 4596. 
>> 14 mm Hg. 


LV = left ventricular; EF = ejection fraction; LVEDP = left ventricular end-diastolic pressure. 


31% had one complication, and 28% had mul- 
tiple complications. 

Twenty-eight patients (5096 of those eligible) 
had coronary angiography and visualization of 
the internal mammary artery 1 year following 
operation. Four of these patients received a 
single internal mammary artery implant and in 
24, both internal mammary arteries were im- 
planted into the myocardium. The patency rates 
were 5096 (two patent implants) in the single 
implant and 68.8% (thirty-three patent im- 
plants) in the double implant groups. In 82% of 
the patients studied, there was at least one pa- 
tent graft. 

Cumulative survival curves for the 146 pa- 
tients by treatment assigned, by treatment re- 
ceived, by adherents to the assigned treatment, 
and by treatment assigned, counting nonad- 
herents as "lost to follow-up” at the time the 
treatment change occurred are presented in 


Figures 1 through 4. No statistically significant 
difference was found in the survival of the 
medical and surgical groups when the data 
were analyzed by any of these four methods. 
Cumulative survival rates of patients with pa- 
tent grafts were not significantly different from 
those of patients with occluded grafts. At the 
end of 12 years, 4196 of the medical group and 
429c of the surgical group were alive. The 
causes of deaths in the medical and surgical 
groups are given in Table 5. The 44 deaths in 
the medical group and 41 deaths in the surgical 
group were predominantly cardiac in nature. 


Corament 

Implantation of the internal mammary artery 
into the myocardium as a surgical method of 
treetment of coronary artery disease was intro- 
duced into clinical practice in 1946 by Vineberg 
[26 . His clinical results were apparently satis- 
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Table 4. Postoperative Complications 


(Operated Patients) 

No. of 
Type of Occur- 
Complication rences 
Hemorrhage (hemothorax) 2 
Infection (wound infection, empyema) 3 
Wound disruption 1 
Atelectasis 6 
Pneumonia or pneumonitis 3 
Pleural effusion 2 
Pulmonary embolism 3 
Congestive heart failure 7 
Cardiac arrhythmia 10 
Cardiac arrest 9. 
Myocardial infarction 5 
Pericardiotomy syndrome 1 
Postoperative psychosis 1 
Phlebitis or thrombophlebitis 2 
Oliguria 1 
Other: CVA, fever 14 


CYA = cerebrovascular accident, 


Fig 1. Cumulative survival of 75 medically and 71 sur- 
gically assigned patients followed for 10 years after ran- 


domization. Mantel-Haenszel x* at 10 years = 0.790 [114]. 


.90 `~ 


-80 


.70 


.60 


PROPORTION SURVIVING 


e — — ^ MEDICAL N= 75 
SURGICAL N= 71 


Meses 


factory [27], but the operation was not widely 
performed until Sones and co-workers [23], in 
1962, demonstrated long-term patency of the 
implant and collateral channels with opacifica- 
tion of the coronary artery branches through the 
implant. This was taken as evidence of suc- 
cessful revascularization of the ventricular 
myocardium and led to adoption of the opera- 
tion by several surgeons, with some modifica- 
tions of technique, and reports of a certain de- 
gree of clinical benefit [8—11, 14, 15, 21, 28]. 
Experimental studies in animals were used to 
clarify understanding of the operation [5, 13, 
16, 18, 22]. These confirmed Vineberg's belief 
[26] that connections were established between 
the implanted artery and the native coronary 
arteries. It appeared that some blood flow oc- 
curred within a few days of operation. Later ex- 
periments coincided with the continued im- 
provement of coronary angiography [5]. With 
the development of electromagnetic flowme- 
ters, blood flow through the implant could be 
measured and evaluation of function was pos- 
sible. These studies showed that blood flow 
was sometimes low in a fresh implant, but that 
it progressively increased with time. Generally, 
coronary artery opacification through the im- 
plant was associated with a low blood flow, ap- 
proximately 10 ml per minute [5]. Dart and 
associates [5] also showed that elevation of 
pressure in the implant brought about by the 
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Fig 2. Cumulative survival of the 67 patients who actu- 
ally received orly medical treatment and the 79 patients 
who actually received surgical treatment, regardless of 

their initial assignment. Mantel-Haenszel x? at 10 years 
= 0.001. 


Fig 3. Cumulaiive survival rates of 61 medically and 65 
surgically assigned patients who adhered to the assigned 
treatment. Mantel-Haenszel x’ at 10 years = 0.257. 
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injection of a radiopaque medium resulted in a 
transiently elevated flow rate in the implant; 
the rate declined with the cessation of injection. 
The” demonstrated that the direction of flow in 
the implanted internal mammary arteries could 
be reversed by injecting an angiographic 
mecium into the coronary artery to which the 
implant had established connections [5]. A few 
observations on implant flow made at reopera- 
tion in patients confirmed the low flow rates 
seen in the experimental work [6]. 

Analysis of conflicting reports on flow in the 
early stages of the implant were reviewed by 
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Fig 4, Cumulative survival rates of 75 medically and 71 
surgically assigned patients. Non-adherents in this 
analysis were counted as “lost to follow-up” when the 
treatment change occurred. Mantel-Haenszel x^ at 10 
years = 0.000. 


Baird and co-workers [1]. Their impression was 
that the net forward flow in a new implant was 
probably zero. Nevertheless, it was clear that 
vascular connections were established between 
the implanted artery and the coronary artery 
and that the implanted vessel remained patent 





patency rate in the Veterans Administration 
Cooperative Study was similar to that reported 
by Vineberg and Walker [28]. In the series of 
Gregori and associates [11], about 75% of those 
implants that were patent had demonstrable 
connections, while the remaining 25% did not 
have any apparent connection with the vascular 
system. Flow was demonstrated by scintig- 
raphy in 1975 by Begg and colleagues [2], espe- 
cially when the implant was placed in a known 
ischemic area. Thus, while the basic premise of 
Vineberg’s hypothesis [26] appeared to be 


in 67% of implants for at least a year, andlonger valid, controlled studies to demonstrate its 


[15]. It was recognized that some patent im- 
plants stayed open without discernible coro- 
nary artery connections, and were probably 
kept open by the to-and-fro motion of the blood 
[18]. It seemed likely, however, that those im- 
plants remaining patent for long periods of time 
did establish small connections with coronary 
arteries, with measurable forward flow. The 


Table 5. Causes of Death in Implant Patients? 


Medical 
No. of Per- 
Cause Patients cent 
Cardiac death 36 82 
Noncardiac death 2 4 
Unknown 6 14 


? Operative deaths were classified as “cardiac.” 


long-term efficacy were lacking. 

For this reason, in 1966, a randomized pro- 
spective controlled clinical trial of the procedure 
was begun. Most of the patients were entered 
into the study in 1968 and 1969. After 1972, 
entry of patients into the study was discon- 
tinued because of loss of interest in the opera- 
tion. With its termination, the definitive phase 


Surgical Total 
No. of Per- No. of Per- 
Patients cent Patients cent 
33 81 69 81 
3 7 5 6 
5 12 11 13 
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of the Veterans Administration Cooperative 
Study on saphenous vein-coronary artery by- 
pass operations began [7]. Experience with a 
previous study (the so-called Beck operation of 
asbestos cardiopexy) was valuable in the de- 
velopment of the protocol and the Cooperative 
Study Group. 

In this multihospital study, the thirty-day 
mortality was relatively high, but similar to that 
reported by others [11, 15, 22, 25] during those 
years. The complication rate was also substan- 
tial. In terms of the development of cardiac 
surgery, these rates of morbidity and mortality 
were characteristic of the times and were due in 
part to the fact that the operation did little or 
nothing immediately to improve the function of 
the ischemic heart, in contrast to a saphenous 
vein bypass, which theoretically can provide 
immediate new blood flow. 

The question remains whether or not a patent 
implant performs any useful function. In part 
this is answered by the reported effect of oper- 
ation on the relief of symptoms. Vineberg [28] 
reported that 8096 of patients had prompt relief 
of angina. Others reported prompt relief of an- 
gina often before vascular channels between the 
implant and the coronary arteries could have 
had time to develop [11, 15]. Many patients 
have had long-term relief of angina [19, 27]. 
However, Dart and colleagues [6], as well as 
others, found no real correlation between the 
relief of angina and implant patency [11, 19, 20, 
25]. 

This study shows that the implant operation 
produces no measurable improvement in sur- 
vival. The 5-year survival was very similar to 
that described by Sewell [21] and by Ochsner 
and associates [15]. Vineberg's [27] belief that 
an implant operation improves survival is not 
supported by our data. Nevertheless, there 
were occasional instances in the experience of 
some surgeons dealing with sizable numbers of 
patients, in which at subsequent operation, for 
whatever reason, deliberate temporary or inad- 
vertent permanent interruption of flow through 
the implant was associated with a major ar- 
rhythmia, an important alteration in the isch- 
emic electrocardiographic pattern, or, in a 
very few patients, death. In these instances, 
at least, there was fairly suggestive evidence of 


dependence of the myocardium on the blood 
flow provided by the implant; they appeared to 
vindicate the hypothesis on which the Vir.e- 
berg concept was built. However, the special 
sequence of conditions under which the inter- 
nal mammary artery implant provided some 
measure of myocardial protection in these pa- 
tients must occur so uncommonly as to have no 
appreciable effect on longevity in large num- 
bers of patients [20]. 

In retrospect, it would have been appropriate 
to have subjected this operation to a prospec- 
tive randomized controlled trial considerably 
sooner than was done. Randomization might 
well be applied to new surgical procedures as 
soor. as they are reasonably well developed in 
order to establish the value of the procedure 
befcre large numbers of patients undergo oper- 
ation. Such a course has been advocated for 
new cardiac surgical procedures or devices by a 
number of authors [3, 4, 12, 17, 24]. Whether 
randomization should begin from the very first 
patient, as advocated by Chalmers [4], or only 
after pilot studies have demonstrated feasibility 
of a clinical trial and technical details have been 
worked out, has not been settled. However. if a 
tria. is delayed too long after wide acceptance of 
an operative procedure of unproved efficacy, a 
controlled trial may be very difficult, if not im- 
possible, to accomplish. 


Participants during this phase of the Study were: 
C. S. Alexander, W. W. Angell, R. C. Bahler, W. Barry, 
E. M. Barsamian, D. M. Behrendt, I. Besseghini, J. N. 
Bhayana, J. Bissett, R. P. Croke, C. H. Dart, Jr., B. 
Davies, D. C. Dean, E. Dong, Jr., J. A. Fischer, R. G. 
Fisa, R. Fletcher, R. K. Foster, A. A. Gage, O. Gago, 
R. M. Gunnar, D. van Heeckeren, J. Herlocher, J. 
Herrmann, D. Kahn, J. C. Kern, G. Kroncke, J. P. 
LiLehei, D. Littman, H. S. Loeb, C. A. Macleod, 
H. W. March, W. R. Meadows, M. Mesgarzadeh, J. 
Moffat, J. M. Moran, R. L. Morse, M. L. Murphy, 
W M. Nelson, W. Neville, N. Odyniec, J. Orlando, A. 
Parisi, J. Pfeifer, R. Pifarré, M. Platt, T. A. Preston, 
R. C. Read, W. Rea, N. Resnick, Y. Sako, S. M. Scott, W. 
SFapiro, J. Sharp, U. R. Shettigar, G. I. Shugoll, J. A. 
Srow, N. Sollod, N. Soyza, E. A. Stemmer, W. L. 
Scgg, J. V. Talano, J. Thomsen, W. Towne, K. Wang, 
P. W. Willis, D. Williams, and C. G. Wright. Study 
Co-Chairmen: H. N. Hultgren and T. Takaro. Bio- 
statisticians: K. Detre, P. Peduzzi, and E. Wright. For 
lists of other Committees, Central Laboratories, and 
Current Participants, see appendix to Detre et al [7]. 
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Endomyocardial Fibrosis: Report of 6 Patients 
and Review of the Surgical Literature 


Carlos R. Moraes, M.D., Enio Buffolo, M.D., Ecgar Victor, M.D., 
Lurildo Saraiva, M.D., J. M. P. Gomes, M.D., Vital Lira, M.D., 


Ricardo Lima, M.D., Mozart Escobar, M.D., 


ABSTRACT Six patients with endomyocardial fi- 
brosis were treated by endocardium decortication 
and atrioventricular valve replacement. There were 5 
female patients and 1 male patient ranging from 14 
to 48 years old (mean, 30 years). Four patients had 
involvement of the right ventricle, 1 patient had in- 
volvement of the left ventricle, and 1 patient had bi- 
ventricular disease. There was 1 operative death due 
to low cardiac output state (the patient with biven- 
tricular endomyocardial fibrosis), and there was 1 
late noncardiac death. The surgical literature, which 
describes 19 previously reported cases, was re- 
viewed. On the basis of the results of this series and 
those of the reported cases, it is concluded that sur- 
gical treatment of endomyocardial fibrosis is feasi- 
ble and provides good clinical improvement. 


Endomyocardial fibrosis is a disease of un- 
known etiology. Its essential feature is the for- 
mation of fibrous tissue on the endocardium 
and to a lesser extent in the myocardium of the 
inflow tract of one or both ventricles. It leads to 
endocardial rigidity, atrioventricular valve in- 
competence secondary to papillary muscle in- 
volvement, and progressive obliteration of the 
ventricular cavity. 

Endomyocardial fibrosis in people living in 
Uganda was described by Davies [5] in 1948. 
Although the highest incidence of the disease is 
in central Africa, there are reports from several 
other countries [1, 3, 8-12, 14, 16]. It has been 
suggested that endomyocardial fibrosis and 
Loeffler's constrictive fibrous endocarditis are 
the same disease [7, 13]. 

Operation for endomyocardial fibrosis con- 
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sists of endocardial decortication and atrioven- 
tricular valve replacement. Dubost, in 1971 was 
among the first to perform it. His patient was 
reported by Prigent and associates [15] in 1973. 
At least 19 patients have received surgical 
treatment for monoventricular or biventricular 
endomyocardial fibrosis [7, 9, 11, 12]. In the 
present report, 6 more patients are described 
and the surgical literature is reviewed. 


Meterial and Methods 

From December, 1977, to November, 1978, 6 
pa-ients were operated on for endomyocardial 
fibrosis in our institutions. There were 5 female 
patients and 1 male with an average age of 
30 years (range, 14 to 48 years). The onset of 
symptoms ranged from 2 months to ten years 
pror to admission. According to the New York 
Heart Association Functional Classification, 
2 patients were in Class III and 4 in Class IV 
(Table 1). 

Four patients (Patients 1, 2, 4, 5) had in- 
volvement of the right ventricle and consis- 
tently showed raised venous pressure, periph- 
eral edema, massive hepatomegaly, and ascites. 
Auscultatory findings were unremarkable. On 
chest roentgenogram, marked enlargement of 
the heart was present, mainly the result of a 
huge right atrium (Fig 1). The electrocardio- 
gram disclosed multiphasic low QRS complexes 
or OS/OR patterns. Two patients were in sinus 
rhythm, another had atrial fibrillation, and an- 
other had first-degree atrioventricular block. 

[n 1 patient (Patient 6), the fibrosis was con- 
fired to the left ventricle and dyspnea on 
m nimal exertion was the main symptom. Aus- 
cultation revealed the signs of mitral insuffi- 
ciency. Chest roentgenogram showed mild car- 
diomegaly and pulmonary congestion. The 
electrocardiogram disclosed sinus rhythm and 
evidence of left atrial and right ventricular 
hypertrophy. 
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Table 1. Clinical Data for 6 Patients 
with Endomyocardial Fibrosis 


Patient NYHA 

No., Func- 

Sex, Age tional Date of 

(yr) Location Class Operation 
LL RV IV Dec 6, 1977 
2. F, 48 RV IV Jan 11, 1978 
3. M, 14 RV and LV II Mar 9, 1978 
4. F, 38 RV IV May 17, 1978 
5. F, 36 RV III Oct 5, 1978 
6. F, 26 LV IV Nov 18, 1978 


NYHA = New York Heart Association; RV = right ventri- 


cle; LV — left ventricle. 


In another patient (Patient 3), the two ventri- 
cles were severely affected and showed a com- 
bination of both the clinical pictures just de- 
scribed. 

Cardiac catheterization data are shown in 
Table 2. Right ventricular involvement was 
characterized by increased right atrial and right 
ventricular end-diastolic pressures. All patients 


Fig 1. (A) Preoperative and (B) postoperative chest 
roentgenograms of a patient with endomyocardial fibro- 
sis of the right ventricle. 
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had equal pressure in the ventricle and atrium, 
and the morphology of the pressure tracings 
was of the dip-plateau type. Cineangiography 
of the right-sided cavities revealed atrial dilata- 
tion, tricuspid regurgitation, and an amputa- 
tion of the inflow tract of the right ventricle 
with a characteristic tubelike formation con- 
necting the atrium to the pulmonary artery 
(Fig 2). 

Left ventricular involvement was manifested 
hemodynamically by increased left ventricular 
end-diastolic pressure and the subsequent ele- 
vation of the pulmonary wedge and arterial 
pressures. Cineangiography demonstrated mi- 
tral regurgitation. The left ventricular cavity 
had a globular configuration, and the apex was 
obliterated (Fig 3). 


Operative Technique 

All patients were operated on through a median 
sternotomy. Both venae cavae and the ascend- 
ing aorta were cannulated, and hypothermic 
(30°C) cardiopulmonary bypass was instituted. 
Myocardial protection was obtained by infu- 
sion of cold cardioplegic solution into the aortic 
root. In 4 patients (Patients 1, 2, 4, 5), the right 
atrium was incised and the tricuspid valve re- 
moved. The fibrosis of the right ventricular en- 





245 Moraes et al: Endomyocardial Fibrosis 


Table 2. Cardiac Catheterization Data 


I 





Patient Patient Patient Patient Patient Patient 

1 2 3 4 5 6 
Site Preop . Postop Preop . Postop Preop Preop Postop Preop Preop 
RA (mean) (mm Hg) 18 13 18 11 24 24 12 24 14 
RV (mm Hg) 22/14 41/12 24/13 38/8 30/22 28/20 33/8 24/12 58/8 
PA (mm Hg) 22/14 24/13 23/10 30/22 28/20 33/17 24/12 52/3 
PW (mean) (mm Hg) 10 10 12 9 11 10 24 
LV (mm Hg) 87/10 60/11 10414 . 13241 103/12 100/11 7712 
Aorta (mm Hg) 83/52 60/30 104/50 132/72 103/53 100/60 84/64 


RA = right atrium; RV = right ventricle; PA = pulmonary artery; PW = pulmonary wedge; LV - left ventricle. 





Fig 2. Preoperative cineangiocardiogram showing a 
huge right atrium, amputation of the inflow tract of the 
right ventricle, and a tubelike formation connecting the 
right atrium to the pulmonary artery. 


docardium was then resected as much as possi- 
ble. Three patients had an excised thrombus in 
the right atrium. The tricuspid valve was re- 
placed by dura mater valves in all of the pa- 
tients. 

In 1 patient (Patient 3) with severe biven- 
tricular endomyocardial fibrosis, both ventri- 
cles were decorticated and both atrioventricular 
valves were replaced by dura mater valves. For 
the right side, the surgical technique was the 
same as that just described, and the approach to 
the mitral valve and the left ventricle was ob- 
tained through an incision in the atrial septum. 
This patient also had a right atrial thrombus. 


Fig 3. Left ventriculogram showing a globular aspect of 
the left ventricle with obliteration of the apex. 


In 1 patient (Patient 6), left endocardiectomy 
(Fiz 4) and mitral valve replacement with a 
he-erograft Carpentier-Edwards valve were 
easily performed through a left ventricular inci- 
sicn parallel to the anterior descending coro- 


na-y artery. 


Results 

There was 1 operative death, which was due to 
low cardiac output syndrome. This was the 14- 
year-old boy (Patient 3), who had severe 
biventricular endomyocardial fibrosis. The 
other patients made an uneventful recovery, 
although 1 of them who had undergone decorti- 
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Fig 4. Appearance of the excised left ventricular en- 
docardium and mitral valve. 


cation of the right ventricle, had temporary 
atrioventricular block and required cardiac 
pacing for two days. 

In all patients, the diagnosis of endomyocar- 
dial fibrosis was confirmed by histological 
examination of the removed atrioventricular 
valves and endocardium. 

The 5 survivors were followed for a period 
ranging from 5 to 16 months (mean, 9 months). 
All of them improved clinically after operation, 
and their functional status changed from Class 
III or IV to Class I. Postoperative electrocardio- 
grams in 4 patients who underwent decortica- 
tion of the right ventricle showed first-degree 
atrioventricular block. Serial chest roentgeno- 
grams in all patients revealed an impressive re- 
duction of the cardiomegaly (see Fig 1). Three 
patients (Patients 1, 2, 4) were restudied by car- 
diac catheterization and angiocardiography 3 to 
7 months after operation (see Table 2). Pres- 
sures in the right side of the heart were re- 
duced, and the morphology of the pressure 
tracings of the right ventricle were normal. The 
angiocardiograms revealed that the size of the 
right ventricular cavity increased postopera- 
tively (Fig 5). One patient (Patient 1) died of 
infectious hepatitis in the sixth postoperative 
month. 


No 3 March 1980 


Fig 5. Postoperative right ventriculogram showing the 
increased size of the ventricular cavity. 


Comment 

Endomyocardial fibrosis is a severe and pro- 
gressive restrictive cardiomyopathy affecting 
young persons in tropical and subtropical 
areas. Although no epidemiological study is 
available, it seems that in northeastern Brazil 
endomyocardial fibrosis is not a rare disease. It 
is more common in females than in males [9, 
12]. There are several theories purporting to ex- 
plain the origin of endomyocardial fibrosis but 
its etiology has never been ascertained [9, 11, 
12]. No etiological factors were found in our 6 
patients. 

Endomyocardial fibrosis leads to an in- 
creased filling resistance of the ventricles and to 
atrioventricular valve insufficiency due to 
papillary muscle dysfunction. The clinical pic- 
ture is determined by the location and intensity 
of the fibrosis. Involvement of the right ventri- 
cle causes right ventricular congestive failure, 
and involvement of the left ventricle leads to left 
ventricular failure. 

The clinical and pathological findings of en- 
domyocardial fibrosis have been well estab- 
lished [2, 6, 17, 18]. Definitive diagnosis can be 
made by cardiac catheterization and selective 
cineangiocardiography. Catheterization of the 
right side of the heart shows equal increased 
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Table 3. Patients Reported in the Literature Who Underwent Operation for Endomyocardial Fibrosis 


NENNEN MM A 





Lo-ation 
No. of Operative Late 
Author Patients Biventricular Monoventricular Deaths Deaths 
Dubost et al [7, 8] 13 5 8 (not mentioned) 1 1 
Lepley et al [12] 1 0 1 (LV) 0 0 
Laing et al [11] 1 0 1 (RV) 0 0 
Hess et al [9] 4 1 3 (LV) 0 0 
Moraes et al 6 1 5 (RV, 4; EV, 1) 1 1 


[present report] 


LV - left ventricle; RV — right ventricle. 


pressures in the ventricle and atrium. An- 
giocardiography reveals atrial dilatation and 
amputation of the filling chamber of the right 
ventricle with a tunnellike formation that per- 
mits direct passage of the dye between the 
atrium and the pulmonary artery. In the left 
ventricle, the tracings confirm adiastole with 
elevation of the end-diastolic pressure. An- 
giocardiography shows a globular configura- 
tion of the left ventricular cavity with oblitera- 
tion of the apex. During the surgical procedure 
in our 6 patients, the gross pathological find- 
ings characteristic of the disease were almost 
always defined. Histological evidence of en- 
docardial proliferation of collagenous fibers 
without important infiltration of inflammatory 
cells and the substitution of myocardium by 
fibrous tissue confirmed the diagnosis. 

As we observed in 4 patients, the existence of 
atrial thrombus is common but embolization is 
rare. 

The prognosis in patients with endomyocar- 
dial fibrosis under medical therapy is usually 
poor [4, 9], and surgical treatment is a recent 
achievement. It consists of endocardial decorti- 
cation of the ventricular cavity and replacement 
of the atrioventricular valve. The rationale for 
surgical treatment is based on the fact that sys- 
tolic function of the myocardium is well pre- 
served in most patients with endomyocardial 
fibrosis. 

A review of the literature shows that surgical 
therapy has been undertaken in 19 reported 
cases with only 1 operative death (Table 3). The 
majority of reported patients, 13 out of 19, had 
monoventricular involvement. Late follow-up 


has shown good clinical improvement in all pa- 
tierts, and only 1 late death has been reported 
[7]. 

Cur recent experience with 6 patients who 
underwent operation supports the view that 
encomyocardial fibrosis is a disease amenable 
to surgical intervention. Endomyocardial fibro- 
sis seems to be a localized process, and there is 
no reason to believe that fibrosis will recur after 
surgical removal of the endocardium [12]. Al- 
thcugh definitive conclusions require a longer 
period of follow-up, it is evident that resection 
of the endocardium and replacement of the 
atrioventricular valve are, at present, the treat- 
ment of choice for endomyocardial fibrosis. 
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N Redington Beach, FL 33708. 
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Factors Relating to Late Sudden Death 
in Patients Having Aortic Valve Replacement 
John T. Santinga, M.D., Marvin M. Kirsh, M.D.. Jairus D. Flora, Jr., Ph.D., 


and James F. Brymer, M.D. 


ABSTRACT The preoperative and postoperative 
characteristics of a group of 16 patients who died 
unexpectedly and a control group of 52 late survivors 
with aortic protheses are reviewed. There were no 
preoperative differences between the groups for 
duration of congestive heart failure, electrocardio- 
graphic findings, cardiothoracic ratio, or hemody- 
namic findings. 

However, on the standard electrocardiogram post- 
operatively, there were more ventricular arrhythmias 
in the patients who died suddenly (7 of 16 or 44%) 
compared with the survivors (5 of 49 or 10%) (p < 
0.05). There were more patients with congestive fail- 
ure in the study group (10 of 16 or 62%) compared 
with the controls (4 of 52 or 8%) (p « 0.05). Patients 
exhibiting these findings are at risk of sudden death. 
Arrhythmia monitoring prior to discharge may also 
be helpful in selecting patients for antiarrhythmia 
treatment. 


One of the important unresolved problems fol- 
lowing aortic valve replacement is late sudden 
death. Its incidence in reported series ranges 
between 7 and 38% [1-3]. The present investi- 
gation was undertaken to determine whether 
there are any preoperative or postoperative 
findings that can be used to predict which pa- 
tients are predisposed to sudden death follow- 
ing aortic valve replacement. 


Material and Methods 

The study population for sudden death was 
composed of patients who underwent Starr- 
Edwards aortic valve replacement at the Uni- 
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versity of Michigan Medical Center from 1967 to 
1977. Patients with associated cardiac defects or 
clinically significant disease of other cardiac 
valves were excluded as were patients who died 
of cerebral embolism or hemorrhage. Unex- 
pected death was defined as a nonhospitalized 
patent who had an acute event with loss of 
consciousness and was either dead or in ven- 
tricular fibrillation on arrival at a medical facil- 
ity. Sixteen patients, 3 women and 13 men, ful- 
filled these criteria. They ranged from 27 to 67 
years old (mean age, 52 years). 

A group of 52 patients who were long-term 
survivors of isolated Starr-Edwards aortic re- 
placement served as the control group. There 
were 13 female and 39 male patients ranging 
from 17 to 74 years old (mean age, 52 years). 
They had been operated on during the same 
period as the study group, and all had the 
Starr-Edwards 1260 aortic prosthesis. These 
patients had survived at least 2 years and had a 
mean follow-up of forty-six months. 

Preoperatively, the types of valve lesion in 
the 16 patients who died suddenly were as 
foL ows: aortic stenosis, 6 patients (38%); mixed 
lesions, 3 patients (19%); and aortic insuffi- 
ciency, 7 patients (44%). Of 48 survivors, 21 
(44%) had aortic stenosis; 12 (25%) had mixed 
lesions; and 15 (3196) had aortic insufficiency. 
In addition, 4 patients had replacement of a 
defective prosthetic valve. The preoperative 
New York Heart Association (NYHA) Func- 
ticnal Classification for the two groups was as 
follows: Class I, none in the study group and 2 
(4%) in the control group; Class II, 8 (50%) in 
the study group and 27 (52%) in the control 
group; Class III, 7 (4496) in the study group and 
22 (4296) in the controls; and Class IV, 1 (696) in 
the study group and 1 (2%) in the controls. 

The preoperative electrocardiograms were 
reviewed for ventricular arrhythmias, left ven- 
tricular hypertrophy, and conduction abnor- 
malities (Table). There were no differences 
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between the two groups in the preoperative 
tracings. 

Ventricular arrhythmias were recorded when 
there were three or more premature ventricular 
beats on the mounted 12-lead electrocardio- 
gram taken with a single-channel machine. The 
tracings averaged from 15 to 25 complexes. Left 
ventricular hypertrophy was read when the 
voltage exceeded the normals given in the Min- 
nesota code [4]. Conduction abnormalities 
were read when the ORS interval exceeded the 
normals in this code and were classed as com- 
plete right and left bundle-branch block. In- 
farction was also read when the Q wave ex- 
ceeded the criteria given in the Minnesota code. 

The mean duration of congestive heart failure 
prior to operation was 1.9 years for the study 
group and 3 years for the control group. The 
cardiothoracic ratio was taken from a preopera- 
tive posteroanterior chest roentgenogram. For 
13 patients in the study group for whom roent- 
genograms were available, the preoperative 
cardiothoracic ratio was 0.58; it was 0.56 for the 
37 patients in the control group for whom 
roentgenograms were available. Preoperative 
cardiac catheterization was carried out in all 
patients. 

Hemodynamic data for the study and control 
groups were available for some patients in each 
group. Average left ventricular end-diastolic 
pressure was 22 mm Hg for 13 patients in the 
sudden death group and 24 mm Hg for 49 of the 
survivors. Average pulmonary artery systolic 
pressure was 48 mm Hg for 12 patients in the 
sudden death group and 41 mm Hg for 45 sur- 
vivors. The aortic gradient was 68 mm Hg for 10 
patients in the study group and 75 mm Hg for 
36 patients in the control group. The left ven- 
tricular ejection fraction was calculated from the 
right anterior oblique view using standard an- 
giography of the left ventricle. Average left 
ventricular ejection fraction was 6196 for 10 pa- 
tients in the study group and 63% for 40 of the 
survivors. 

The coronary arteriograms were graded by 
the scoring system of Friesinger and co-workers 
[5]: no disease = 0; < 50% = 1; 50-90% = 2; 
multiple 50-90% = 3; 90-99% = 4; and total 
occlusion = 5. The individual scores for the left 
anterior descending, lateral circumflex, and 


right coronary arteries were added together to 
give the total score. Seven patients in the study 
group had normal coronary arteriography, with 
all the scores in the range of 0 to 3. Twenty- 
eight patients in the control group had normal 
coronary arteriograms; 1 had a score of 2 to 5 
and 1, a score of greater than 6. 

A uniform perfusion technique was used 
throughout with a bubble oxygenator at a flow 
rate of 2.5 liters per minute per square meter of 
body surface. In 75% of the patients, coronary 
perfusion at a temperature of 28°C was em- 
ployed during aortic valve replacement. An at- 
tempt was made to maintain the heart in nor- 
mal sinus rhythm during the time of aortic 
cross-clamping. In 25% of the patients, 
hypothermic ischemic arrest (28°C) was em- 
ployed. 


Results 
Several methods of myocardial protection were 
used. For 6 patients in the study group, mean 
coronary perfusion time with the heart beating 
was 84 minutes (range, 60 to 120 minutes). For 
22 patients in the control group, it was 86 min- 
utes (range, 52 to 136 minutes). Mean coronary 
perfusion time with the heart in ventricular fi- 
brillation was 77 minutes (range, 60 to 113 min- 
utes) for 6 patients in the study group; for 18 
patients in the control group, it was 85 minutes 
(range, 53 to 132 minutes). The time of hy- 
pothermic arrest averaged 57 minutes (range, 
47 to 67 minutes) for 4 patients in the study 
group; it was 61 minutes (range, 51 to 87 min- 
utes) for 13 patients in the control group. There 
were no significant differences between the two 
groups regarding the method of myocardial 
preservation or duration of cross-clamping. 

Postoperatively, NYHA Functional Classifi- 
cation was as follows: Class I, 3 patients (19%) 
in the study group and 34 (65%) in the con- 
trol group; Class II, 9 (56%) in the study 
group and 18 (35%) in the control group; Class 
III, 4 (25%) in the study group. There were no 
patients in Class IV. Fewer patients in the sud- 
den death group were in Class I compared with 
the control group (p < 0.05). 

The frequency and severity of postoperative 
congestive failure for both groups also show a 
significant increase in congestive failure in the 
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Electrocardiographic Findings in the Sudden Death Patients (Group A) 
Compared with a Control Group of Survivors (Group B)* 


ne ——— 


Preoperative Postoperative 
Percentages Percentages 

Group A Group B 
Finding (N = 16) (N = 49) Group A Group B 
eee Ss eee 
LVH 69 (11) 73 (36) 56 (9) 59 (29) 
Conduction defect 0 (0) 6 (3) 6 (1) 12 (6) 
Pacing 0 (0) 4 (2) 6 (1) 8 (4) 
Infarction 0 (0) 8 (4) 6 (1) 24 (12) 
Ventricular arrhythmias 13 (2) 4 (2) 44 (7) 10 (5) 


In parentheses are the numbers of patients with the electrocardiographic abnormality. 


dy < 0.05 by the chi-square method. 
LVH - left ventricular hypertrophy. 


sudden death group compared with the control 
group (p « 0.05). Of the 16 patients in the study 
group, 5 (3196) had severe congestive failure; 5 
(31%) had moderate failure; and 6 (38%) had no 
congestive failure. Of the 52 survivors, only 2 
(4%) had severe congestive failure; only 2 (496) 
had moderate failure; and 48 (9296) had no fail- 
ure. Onset of congestive failure occurred within 
2 years of operation in 8 of the 10 patients in the 
study group. Digitalis and diuretics were used 
by 11 of the 16 patients in the study group and 
20 of the 52 patients in the control group. The 
cardiothoracic ratio for the postoperative period 
remained at 0.58 for the group experiencing 
sudden death and decreased in the survivors to 
0.52. 

The interval from operation to death for the 
survivors is as follows: 6 patients died within 
the first year; 6 patients in the second year; and 
1 patient each year for the third, fourth, fifth, 
and tenth years. 

The postoperative electrocardiographic find- 
ings for the two groups are listed in the Table. 
The most striking finding is the significantly 
higher incidence of ventricular arrhythmias 
in the sudden death group in comparison 
to the survivors, 4496 and 1096, respectively 
(p « 0.05). 


Comment 

As a result of improvements in intraoperative 
and postoperative management, aortic valve 
replacement can now be accomplished with an 
operative risk of 5% or less. Long-term survival 


following aortic valve replacement is influenced 
by the severity of the preexisting heart disease, 
intraoperative injury to the myocardium, and 
prosthetic-valve related complications [6, 7]. 
The cardiac causes of death include congestive 
heart failure and myocardial infarction. Some 
are sudden and unexplained. The exact inci- 
dence of sudden unexplained deaths is difficult 
to determine since sudden deaths are usually 
classified with the myocardial causes of late 
deaths in most reported series. Isom and col- 
leagues [8] in 1977 reported that of 47 late 
deaths from myocardial factors, 14 were sudden 
and unexplained (3096 incidence). 

The results of the present study demonstrate 
that none of the preoperative indices could pre- 
dict which patients would die suddenly fol- 
lowing aortic valve replacement. There was no 
statistically significant difference between the 
long-term survivors and those who died sud- 
denly with respect to Functional Class, type of 
valve lesion, cardiothoracic ratio, duration of 
congestive heart failure, incidence of ventricu- 
lar arrhythmias, and electrocardiographic find- 
ings of myocardial infarction, intraventricular 
conduction abnormalities, left ventricular hy- 
pertrophy, left ventricular end-diastolic pres- 
sure, cr left ventricular ejection fraction. 

However, patients who died suddenly did 
exhibit postoperative characteristics that were 
different from those of long-term survivors. In 
those patients who died suddenly, there was an 
increased postoperative incidence of congestive 
heart failure and a greater frequency of ven- 
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tricular arrhythmias. The postoperative car- 
diothoracic ratios in the study group did not 
decrease following operation while those in the 
survivors did (p « 0.05). The increased fre- 
quency of postoperative congestive heart fail- 
ure in the group dying suddenly cannot be ex- 
plained on the basis of a greater impairment of 
function preoperatively since the preoperative 
duration of congestive heart failure, car- 
diothoracic ratio, left ventricular end-diastolic 
pressure, and ejection fraction were similar in 
the two groups of patients. Eleven of the 16 pa- 
tients with sudden death were on a regimen of 
digitalis and diuretics. Therefore digitalis tox- 
icity is a possibility. However, 20 of the long- 
term survivors also were on a regimen of these 
medications. This reduces the likelihood that 
digitalis toxicity is a major cause of sudden 
death. 

That the major cause of death following aor- 
tic valve replacement in our institution and in 
other reported series is myocardial failure and 
that most deaths in this and other series occur 
within 2 to 3 years of operation suggest that the 
most probable cause of death is operative in- 
jury, since in our patients the preexisting myo- 
cardial function was the same for both groups. 
Subendocardial necrosis is the most common 
cause of death following technically successful 
cardiac operations [9-11]. The hearts of as many 
as 90% of the patients who died after open- 
heart operation have left ventricular suben- 
docardial necrosis. It can óccur without ana- 
tomical obstruction of the coronary arteries and 
is thought to be caused by a discrepancy be- 
tween subendocardial oxygen supply and de- 
mand during the operative period. In our pa- 
tients who died late, infarctions, if present, 
were likely subendocardial in nature; only 1 of 
the 16 patients had electrocardiographic evi- 
dence of a transmural infarction. 

We would agree with Isom and co-workers 
[7, 8] that these deaths result from operative 
infarction, which increases the propensity for 
sudden fatal arrhythmias. This has been shown 
for coronary disease but is less well recognized 
for valvular disease [12]. The increase in ven- 
tricular arrhythmias postoperatively in the 
study group would be in agreement with this 
mechanism. Operative injury would also ac- 
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count for the related high incidence of recurrent 
congestive heart failure in those patients who 
died suddenly. Of interest is the observation 
that sudden death occurred irrespective of the 
method of myocardial preservation in our se- 
ries. It occurred in patients in whom aortic 
valve replacement was carried out utilizing 
coronary perfusion while keeping the empty 
heart beating throughout the period of aortic 
cross-clamping. This would suggest that an 
optimum method of preserving the hyper- 
trophied myocardium of patients with aortic 
disease has not as yet been perfected. 

The results of this study suggest that left 
ventricular dysfunction, probably resulting 
from intraoperative injury, is a major causative 
factor in those patients who die suddenly and 
unexpectedly following aortic valve replace- 
ment. Those at risk to die suddenly are patients 
in whom congestive heart failure and ventricu- 
lar ectopy occur following aortic valve replace- 
ment. In addition, the cardiothoracic ratio on 
chest roentgenogram in these patients fails to 
decrease in size. Patients with this clinical pro- 
file should be carefully evaluated using periodic 
Holter monitoring and, if complex ventricular 
arrhythmias are detected, the use of antiar- 
rhythmic drugs should be considered. Future 
endeavors to prevent this cataclysmic compli- 
cation should center around improved methods 
of myocardial preservation during operation. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 
will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration for 1981 is Au- 
gust 1, 1980. The exact times and places of these 
examinations will be announced later. 


A candidate applying for admission to the 
1981 certifying examination must fulfill all the 
requirements for the Board in force at the time 
the application is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


CASE REPORTS 


Pseudomonas aeruginosa Septicemia 
with Gangrene of the Lung and Empyema 


J. Nilas Young, M.D., and Paul C. Samson, M.D. 


ABSTRACT The following case report demon- 
strates the occasional necessity for staged thoracic 
surgical intervention in the management of a clinical 
condition commonly associated with high mortality: 
overwhelming pseudomonas pulmonary infection 
and septic shock. Intervention included the use of 
emergency wide-open drainage of gangrene of the 
lung and empyema, followed by sequential, interval 
lobectomy. 


The prohibitive morbidity and mortality asso- 
ciated with pseudomonas pneumonia compli- 
cated by septicemia has been well documented, 
and when it occurs in the compromised host, 
mortality can approach 100% [2, 6, 7]. The 
pathogenesis of the pneumonic lesion often in- 
volves localized pulmonary thrombosis with 
blood flow alterations that can limit the effec- 
tiveness of antibiotics severely [1]. As demon- 
strated by the following case report, surgical 
intervention may be the only means of salva- 
tion in the face of overwhelming sepsis and re- 
lentless clinical deterioration. Concomitant se- 
vere medical complications were diagnosed 
properly and were treated adequately. 


A 41-year-old woman, a known chemical dia- 
betic, was in good health until five days prior to 
hospitalization. At that time, symptoms of an 
upper respiratory tract infection developed 
along with the rapid onset of malaise, fatigue, 
and stupor. At admission, her temperature was 
34.4°C; pulse rate was 140 per minute; respi- 
rations were 24 per minute; and blood pressure 
was 130/70 mm Hg. Examination of the chest 
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revealed bibasilar rales, and a chest roentgeno- 
gram showed a bilateral pneumonic process 
(Fig 1). Severe metabolic acidosis was present 
with a pH of 6.8, a partial pressure of oxygen of 
98 mm Hg, a partial pressure of carbon dioxide 
of 20 mm Hg, and a blood glucose of 380 mg per 
100 ml. Sputum gram stain was suggestive of 
staphylococcus, and nafcillin was adminis- 
tered. 

The condition of the patient deteriorated de- 
spite vigorous resuscitative efforts with fluids, 
insulin, and glucose. Twenty-four hours fol- 
lowing admission, cardiopulmonary arrest oc- 
curred. Following successful resuscitation, the 
patient was noted to have anterior bilateral flail 
chest segments. With mechanical ventilation, 
she improved during the next two days. On the 
fourth hospital day, clinical and laboratory evi- 
dence of disseminated intravascular coagula- 
tion with secondary gastrointestinal bleeding 
and ischemic necrosis of the digits of the left 
hand and of multiple areas of both feet de- 
veloped. The coagulopathy was treated suc- 
cessfully with heparin, platelets, and fresh- 
frozen plasma. 

On the ninth hospital day, a right spontane- 
ous pneumothorax developed; chest tubes were 
placed and a small amount of purulent fluid was 
drained. At this time, the patient had a temper- 
ature of 38.9°C; blood, pleural fluid, and 
sputum cultures were positive for Pseudomonas 
aeruginosa. White blood cell count revealed a 
toxic leukopenia of 900/mm?. Carbenicillin and 
gentamicin were administered, but deteriora- 
tion continued and several episodes of hy- 
potension were treated with fluids and vaso- 
pressors. The patient demonstrated a continu- 
ous air leak through the chest tube, and had 
temperatures up to 39.45°C during the next sev- 
eral days. Despite multiple tube thoracos- 
tomies, there was progressive subcutaneous 
emphysema. Chest roentgenograms revealed 
an enlarging abscess in the right lower lobe (Fig 
2). Despite adequate serum levels of appro- 
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Fig 1. Roentgenogram made at admission showing ex- 
tensive bilateral pulmonary infiltrates. 


1 





Fig 2. Roentgenogram made on the ninth hospital day. 
Note the large abscess in the right lower lobe and the 
marked subcutaneous emphysema. 








Fig 3. The procedure after drainage: the abscess in the 
right lower lobe has been unroofed, and the abscess 
cavity and empyema space are packed with gauze. 


priate antibiotics, sepsis and toxemia persisted. 
On the seventeenth hospital day, refractory 
hypotension and obtundation developed, and 
it was thought that surgical drainage offered the 
only hope for survival. 

Through a generous right posterior incision, 
10 cm of the seventh rib were resected sub- 
periosteally, and an abscess 8 cm in diameter in 
the lateral basal segment of the right lower lobe 
was exposed. The abscess cavity was unroofed, 
and the abscess and empyema were loosely 
packed with Iodoform Gauze. The wound was 
left open. The actual operation took ten min- 
utes. Further major pulmonary operation was 
not considered appropriate at this time. Imme- 
diate sequential tracheostomy was performed. 

The patient improved markedly over the next 
several days. Daily packing changes were done 
initially with Iodoform Gauze and sub- 
sequently with 0.5% acetic acid (Fig 3). On the 
sixth postoperative day, the right lower lobe 
began to demonstrate progressive liquefaction 
necrosis. There were no signs of bacteremia, 
however, and blood cultures were negative. On 
the seventeenth postoperative day, a right 
lower lobectomy and decortication of the right 
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upper and middle lobes were performed. Ex- 
tensive extrapleural dissection was necessary in 
order to accomplish the decortication. The 
wound was closed, and the skin was left open. 

The resected right lower lobe was 14 x 10 X 
6 cm. The sheets of decorticated peel including 
the endothoracic fascia were 12 X 2 x 0.5 cm. 
The large abscess was gangrenous [8]. Adjacent 
tissue was firm and essentially non-air- 
containing. Vessels larger than 1 or 2 mm were 
free from gross thrombi. Microscopic sections 
demonstrated infarcted gangrenous lung. Areas 
adjacent to the abscess were involved with 
active chronic inflammation, bronchiolar ob- 
struction from granulation, and squamous 
cell metaplasia. A few small arteries in and 
adjacent to the infarcted parenchyma con- 
tained thrombi. Some vessels and parenchyma 
showed gram-negative rods. 

Postoperatively the patient improved slowly, 
although she did have severe bronchospasm 
necessitating prolonged mechanical ventila- 
tion. Her nutritional status remained poor for 
several weeks, and hyperalimentation was nec- 
essary. A small empyema pocket developed in 
the right chest, but was managed successfully 
with tube thoracostomy. Transient hemiparesis 
and left facial weakness were attributed to a ce- 
rebral infarct, which was demonstrated by CAT 
scan. By the twelfth week, the patient's course 
was complicated by acute respiratory insuffi- 
ciency and development of a serratia urinary 
tract infection. During the next three weeks, 
improvement was steady; mechanical ventila- 
tion was stopped, and the tracheostomy tube 
and chest tube were removed. 

Four months after admission, the patient was 
transferred to a convalescent hospital. She was 
readmitted to Highland General Hospital 
briefly for orthopedic debridement of necrotic 
digits and was discharged home in relatively 
good condition on August 23, 1976, more than 
six months after the original admission. 


Comment 

The case report of this patient demonstrates the 
necessity for an aggressive surgical approach to 
life-threatening pseudomonas pulmonary in- 
fection. The techniques of emergency open- 
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Fig 4. Roentgenogram made eight months after right 
lower lobectomy. There is no evidence of active disease, 
and there is good expansion of the upper and middle 
lobes on the right. Old basilar scarring is evident. 


drainage of putrid empyema were described 
about forty-five years ago and have been all but 
lost in modern literature [4, 5]. However, they 
can serve as an indispensable tool in a lifesav- 
ing situation. The patient reported here was 
far too ill initially for concomitant resection. 
Therefore, we contented ourselves with ade- 
quate and expeditious open drainage and 
packing of the abscess and empyema. This al- 
lowed the patient's precarious state to improve. 
Lobectomy and decortication were carried out 
when the patient became clinically stable. 

The clinical course of our patient’s persistent 
infection closely resembled our recent experi- 
ence with septic embolization and infarction 
[3]. Originally, it was presumed that septic in- 
farction was the basis for her illness. However, 
careful review of the gross and microscopic 
findings indicated that vessels larger than 1 or 2 
mm were free from gross thrombi. A few small 
arteries in and adjacent to the infarcted paren- 
chyma did show thrombi. It is probable that 
rapid superinfection by Pseudomonas aerugin- 
osa in a deteriorating host was the culprit. 
At the time of writing, nearly three years 
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after discharge, the patient's diabetes is under 
good control and there is no evidence of infec- 
tion (Fig 4). The patient's respiratory reserve is 
limited, however. 
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Congenital Saccular 


Aneurysm of the Superior Vena Cava 


Dennis L. Modry, F.R.C.S.(C), Robert S. Hidvegi, F.R.C.P.(C), 


and Leo R. LaFleche, F.R.C.S. 


ABSTRACT It is important to recognize the true 
nature of the rare superior vena caval aneurysm with 
nonoperative techniques, in order to avoid needless 
diagnostic thoracotomy. Two distinct types exist— 
the fusiform and the saccular. The presence of such 
an aneurysm should be suspected if there is size 
variation during respiration on roentgenographic 
evaluation, and can be confirmed venographically. 
That these aneurysms do not enlarge, rupture, or 
thrombose argues for conservative management. 


Primary aneurysms of the superior vena cava 
(SVC) are rare, and only 11 cases have been re- 
ported previously (Table). Two types are de- 
scribed: fusiform, which is more common, and 
saccular. We report here the case of the third 
patient with a saccular aneurysm and review 
the previous case histories. We are calling at- 
tention to a lesion that never ruptures or causes 
symptoms of compression, but often poses a 
diagnostic problem because it is a mediastinal 
mass that can sometimes lead to an unnecessary 
thoracotomy and occasionally can be associated 
with thromboembolic phenomena and death. 


A 54-year-old woman entered the Montreal 
Chest Hospital Center in August, 1978, for in- 
vestigation of a mediastinal mass. She had had 
a 2-year history of paresthesias involving the 
left arm and hand, which became more pro- 
nounced during the two months prior to admis- 
sion. She was seen as an outpatient, but inves- 
tigations, including nerve conduction studies, 
failed to delineate the problem. A chest roent- 
genogram, however, demonstrated a right 
parahilar mass, for which she was referred to 
the thoracic surgical service. 
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Further inquiry revealed that for approxi- 
mately a year prior to admission, the patient 
had experienced episodic, nonexertional mid- 
sternal chest pain, unrelieved by nitrogly- 
cerine. She also had been involved in a minor 
motor vehicle accident 4 years before admis- 
sion, at which time she sustained a chest injury 
of insufficient severity to warrant a chest roent- 
genogram. Her remaining past history included 
a hysterectomy when she was 24 years old and a 
right carpal tunnel release when she was 44. 

On examination, the patient was a well, 
moderately obese, nondistressed, normoten- 
sive woman. Of special import were the normal 
cardiopulmonary and neuromuscular assess- 
ments. Laboratory studies demonstrated normal 
hematological and biochemical profiles. Dif- 
fuse S-T segment flattening, compatible with 
ischemia, was present on the electrocardiogram. 

The admission chest roentgenogram demon- 
strated a fullness anterior to the right hilum 
best visualized on the expiration view (Fig 1). 
Because the appearance was unchanged com- 
pared with a chest roentgenogram made in 
1972, the working diagnosis was benign thy- 
moma. The mass measured 7.5 cm in diame- 
ter. Lateral tomograms further defined the 
mass as a rounded, soft tissue structure local- 
ized behind the sternum and in front of the 
right hilum, and thus added bronchogenic cyst, 
aneurysm of the ascending aorta, salivary 
tumor, or fibroma to the differential diagnosis 
(Fig 2). Because of the possibility that the lesion 
was of vascular origin, a technetium pertech- 
netate flow scan was performed. It confirmed 
the presence of a vascular mass, thought to be 
compatible with an ascending aortic aneurysm 
(Fig 3). A computed tomography scan, how- 
ever, demonstrated a normal aorta and a mass 
separate from it (Fig 4). For the first time, it was 
thought the patient might have a rare SVC 
aneurysm. A SVC venogram confirmed the true 
nature of the lesion and demonstrated well the 


ANN2-4975/2N/N3N258-05$01.25 © 1979 by Dennis L. Modry 


259 Case Report: Modry, Hidvegi, and LaFleche: Saccular Anearysm of SVC 


Summary of Reported SVC Aneurysms 


L —— 


Age of 
Patient Method of 

Author (yr) Diagnosis Pathology 

Abbot 19 Venogram Fusiform, 5 cm 

Lawrence 52 Right thoracotomy  Saccular, 5 cm 
et al [8] 

Reboudet 44 Right thoracotomy, Fusiform 
al [11] postop veno- 

gram 

Gallucci et 28 Right thoracotomy  Fusiform, 6 cm 
al [6] 

Bell et al [3] 20 Venogram Fusiform, 5 an 

Okay etal 16 Venogram Fusiform 
[9] 

Ream and 20 Right thoracotomy  Fusiform, 9 am; 
Giardina thrombo- 
[10] phlebitis cf 

aneurysm 

Franken [5] 9 Right thoracotomy, Fusiform 

postop veno- 
gram 

Farretal[4] 17 Venogram, un- Fusiform 

changed CXR 
since age 3 

Vanetti etal 17 Venogram; asso- Fusiform, 5 em 

[12] ciated with pul- 
monary emboli 
and cardiac ar- 
rest 

Jafari et al — 27 Right thoracotomy  Saccular, 6 cm 
[7] (negative veno- 

gram) 

Modry et al 54 Venogram Saccular, 6 cm 
[this re- 
port] 


Treatment 


Wrapped with 
reactive cel- 
lophane 


Excised, stalk li- 
gated 

Exploratory 
thoracotomy, 
observation 

Exploratory 
thoracotomy, 
observation 


Observation 
Observation 


Thoracotomy 


Exploratory 
thoracotomy, 
observation 


Observation 


Pulmonary em- 
bolectomy, 
endoaneurys- 
morrhaphy 


Exploratory 
thoracotomy, ex- 
cised, stalk li- 
gated 

Excised, stalk li- 
gated 


Follow-up 


Moderately de- 
creased size 1 yr 
postop on veno- 
gram; well 15 yr 
postop 

Well 1 yr postop 


No follow-up re- 
ported 


Well 4 yr postop; 
aneurysm un- 
changed on an- 
giogram 

Well 2 yr after diag- 
nosis 

No follow-up re- 
ported 

Intraoperative 
death from mas- 
sive pulmonary 
emboli; dis- 
lodged during 
palpation 

No follow-up re- 
ported 


Pain resolved after 
18 hr; no sub- 
sequent follow- 
up reported 

Well 6 mo postop 


No follow-up re- 
ported 


Well 6 mo postop 


CXR = chest roentgenogram. 


single short stalk connecting the aneurysm to 
the SVC (Fig 5). 

A right fourth interspace thoracotomy was 
performed, and a bluish, soft, pliable, cystic 
mass, 6 cm in diameter, was found in the 
superior mediastinum. This so-called aneurysm 
was not associated with any fibrous reaction 
and lay adjacent to the anterior surface of the 


SVC, just above and in loose contact with the 
pericardium below. Compression of the mass 
obliterated the aneurysm, but it rapidly re- 
filed upon release of the pressure. The aneu- 
rysm was mobilized circumferentially, and the 
venous channel, 8 mm in diameter and 6 mm in 
length, connecting it to the SVC was identified. 
The stalk was then divided between a double 
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Fig 1. Chest roentgenogram made at the end of expira- 

tion and demonstrating maximal distention of the aneu- 
rysm and superior vena cava. Note the low position of 

the aneurysm in the upright patient, which presumably 
is due to its pedunculated nature. 


row of TA-30 applied vascular staples prox- 
imally and a ligature distally. The patient's 
postoperative course was unremarkable, and 
follow-up at six months was normal. 
Pathological examination of the aneurysm 
demonstrated that it was 6 cm in diameter, 
filled with pure blood, and dark reddish brown 
on the outside with an inner surface that was 
smooth, grey, and glistening. The cyst wall was 


Fig 2. Lateral tomogram delineating the aneurysm an- 
terior to the right hilum but posterior to the sternum. 
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uniformly 2 mm thick. On its internal surface, a 
single layer of flat elongated endothelial cells 
surrounded by a thin layer of dense collagenous 
and fibrous tissue was shown microscopically. 
Externally, there was a small amount of fibrous 
and connective tissue containing capillaries 
and occasional delicate strands of fibrous tis- 
sue with small lymphoid follicles. Pathological 
interpretation was a pedunculated venous cyst. 


Comment 

Superior vena caval aneurysms that are not as- 
sociated with congenital heart disease are rare. 
To our knowledge, only 12 cases now have been 
reported (see Table). Two distinctly different 
types are evident—the fusiform and the saccu- 
lar. In 1950, Abbot [1] described a fusiform an- 
eurysm of the SVC, and 14 years later, he and 
Leigh [2] distinguished between these two 
types. In 1956, Lawrence and Burford [8] re- 
ported the finding of a saccular aneurysm. 
Probably this type is classified as an aneurysm. 
incorrectly because it does not fit the definition 
of the term. The word aneurysm is derived from 
the Greek word for a widening, and in current 
usage it means a localized dilatation of all of the 
coats of a vessel. Abbot and Leigh [2] probably 
realized this when they referred to the saccular 
or "diverticular" congenital SVC aneurysm in 
Abbot's [1] original classification. It seems rea- 
sonable, however, to continue reporting saccu- 
lar dilatations of the SVC as aneurysms since 
these primary lesions are too uncommon to 
warrant further subclassification. 

To date, SVC aneurysms as a group have had 
an equal sex incidence, lack a definable predis- 
posing cause, generally are not associated with 
referable symptomatology, and usually present 
both a diagnostic and a therapeutic problem. 
Helpful tests that may lead to the correct diag- 
nosis include inspiratory and expiratory chest 
roentgenograms, chest fluoroscopy, nuclear 
flow scans, tomograms, and computerized to- 
mography. Historically, definitive diagnoses 
have been obtained only with SVC venogra- 
phy or exploratory thoracotomy. A venogram 
sometimes fails to visualize an aneurysm, espe- 
cially the saccular type, when there is a periph- 
eral injection of contrast material, as reported 
by Jafari and colleagues [7] in 1977. A more 
central injection near the stalk of the saccular 
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Fig 3. Technetium flow scan confirming the vascular 
nature of the lesion. 





Fig 4. Computerized tomogram, which separates the an- Fig 5. Superior vena cava venogram demonstrating 
eurysm from the aorta. both the aneurysm and its connecting stalk. 
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aneurysm was required for adequate visualiza- 
tion of the lesion in the present case report. 
The really difficult decision, based on pre- 
ceding case histories and on the assumption 
that a correct nonoperative diagnosis has been 
made, is the question of management. Ideally, 
it should involve an adequate understanding of 
the natural history of the lesion. To date, only 
one SVC aneurysm has enlarged, and this 
was inconsequential in itself [11]. Diagnostic 
thoracotomy was performed, at which time 
surgical correction was not technically possible. 
No ruptured venous aneurysms of the SVC 
have been reported; most of them probably re- 
main stable in size. Farr [4], Bell [3], and their 
associates reported unchanged chest roent- 
genograms after 14 and 2 years, respectively, 
and Gallucci and co-workers [6] reported an un- 
changed angiogram after 4 years in patients 
with fusiform aneurysms. In the present in- 
stance, the saccular aneurysm was unchanged 
for 6 years on chest roentgenogram. 
Complications, however, can occur because 
there seems to be thrombogenic potential. In 
1972, Ream and Giardina [10] described a 20- 


year-old woman with infectious mononucleosis 


and thrombophlebitis of a fusiform aneurysm, 
who sustained fatal pulmonary emboli at 
thoracotomy during palpation of the aneurysm. 
In 1975, Vanetti and co-workers [12] reported 
nearly fatal pulmonary emboli during venog- 
raphy of the SVC, necessitating successful pul- 
monary embolectomy. Although the patient re- 
ported by Ream and Giardina [10] might have 
died without thoracotomy, a venographic diag- 
nosis would have argued for more conservative 
heparin management. Despite the apparent 
dislodgment of near fatal embolic clots during 
venography reported by Vanetti and associates 
[12], a SVC venogram is the most accurate 
nonoperative test available to confirm the cor- 
rect diagnosis and is clearly preferable to diag- 
nostic thoracotomy. 

Although by resecting this saccular aneurysm 
of the SVC we followed the precedent set by 
Lawrence and Burford [8] and by Jafari and 
co-workers [7], we question this decision in the 
absence of compelling symptomatology or re- 
ported complications. The patient of Lawrence 
and Burford [8] lived 52 years, the one of Jafari 
and co-workers [7], 27 years, and our patient, 54 
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years, before operation without symptoms re- 
ferrable to the saccular SVC aneurysm. This 
longevity points out the benign nature of this 
lesion. Similarly, of the 9 fusiform SVC aneu- 
rysms that have been reported, 3 were treated 
by observation alone and 4 were diagnosed but 
not resected at thoracotomy with 1 death. At 
present, there is insufficient documentation of 
the natural history of SVC aneurysms to justify 
an aggressive surgical approach in the asymp- 
tomatic patient. Should the rare situation arise 
that a saccular aneurysm is diagnosed only at 
thoracotomy, the simplicity of resecting it 
makes the operation justifiable, although it 
must be realized that perhaps little more is 
being accomplished. For all aneurysms of the 
SVC diagnosed nonoperatively and for the oc- 
casional fusiform aneurysm diagnosed at tho- 
racotomy, we recommend observation alone. 
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HOW TO DO IT 


A Simplified Method of Ligation 
of Patent Ductus Arteriosus in Premature Infants 


Richard C. Traugott, M.D., Raymond J. Will, M.D., George F. Schuchmann, M.D., 


and Robert L. Treasure, M.D. 


ABSTRACT 
ductus arteriosus in premature infants is presented. 


A clip technique for ligation of the 


Suture ligation is a standard surgical treatment 
for patent ductus arteriosus (PDA) in the pre- 
mature infant. To minimize the operative time 
in these very ill infants who tolerate retraction 
of the lung poorly, the procedure is done with- 
out obtaining tape control of the proximal and 
distal aorta. Without this additional control, 
unexpected ductal bleeding can be more dif- 
ficult to control. From June, 1974, to January, 
1979, we employed ligaclip ligation in 11 of 53 
consecutive surgically treated patients with 
PDA. The technique was used when the pa- 
tients hemodynamic state permitted only 
minimal lung retraction (4 patients) or when 
ductal hemorrhage was encountered (7 patients). 


Technique 

The ductus is approached through a limited pos- 
terolateral incision. With the recurrent nerve 
retracted anteriorly, the ductus is sharply ex- 
posed above and below to allow its complete 
occlusion with a vascular forceps (Figure). A 
medium ligaclip (Ethicon LC 200a) is applied 
to the ductus on either side of the occluding for- 
ceps with a medium applier. If, when the su- 
ture ligation technique is used, the ductus is 
torn while passing the right angle clamp under 
it, control can usually be achieved with forceps 
occlusion of the duct while the clips are 
applied. In all 11 patients, duct occlusion ap- 
peared to be complete. 


Comment 

In no patient was the ductus torn by the ligaclip 
application. We believe that sharp dissection 
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above and below the ductus is important to 
predude tearing with forceps occlusion and 
ligaclip application. The ligaclip technique has 
been used only in premature infants. The 
long-term results are not known, but the im- 
mediate goal of complete, rapid ductal occlu- 
sion seems to be accomplished well. The aver- 
age period of hospitalization following ligation 
was fifty-one days, and at discharge none of the 
patients had evidence of a patent ductus. Two 
patients subsequently died of intracerebral 
bleeding and at postmortem examination were 
found to have complete ductal closure with the 
ligaclips. 

Although it seems appealing to ligate every 
premature ductus with the ligaclip technique, 
we reserve this method for two specific sit- 
uations—ductal bleeding and hemodynamic de- 
tericration with minimal lung retraction. 
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The technique of ligaclip application in the premature 
infant: (A) anatomical configuration; (B) occlusion of 
the ductus with vascular forceps; and (C) ligaclips in 

place. 
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Transpleural Resection of the First Rib 
for Repair of Subclavian Artery Injury 


Robert Samuel Cromartie III, M.D., and James F. Ballenger, M.D. 


ABSTRACT A technique is described for obtaining 
exposure of all three parts of the injured subclavian 
artery through a standard posterolateral thoracotomy 
and transpleural subperiosteal excision of the first 
rib. This technique should be considered for re- 
pairing injuries of the subclavian artery, especially 
when the injury is discovered at emergency tho- 
racotomy done because of bleeding. 


Securing distal and proximal control of the in- 
jured subclavian artery sometimes can be dif- 
ficult, and for that reason, a number of tech- 
niques have been described. We present here a 
technique that gave satisfactory exposure of all 
three parts of the subclavian artery through a 
single thoracotomy. 


Technique 
A patient in shock was admitted to the 
emergency room. He had a gunshot wound in 
the right chest with a right hemothorax and 
a pulseless, paralyzed right upper extremity. 
An emergency standard right posterolateral 
thoracotomy was performed, with the chest 
being entered through the fourth intercostal 
space. The upper lobe of the right lung had 
been traversed by the bullet. It had produced a 
90% transection of the second part of the right 
subclavian artery as it exited from the pleural 
cavity superior to the first rib and caused exten- 
sive hemorrhage into the right hemithorax. 
The proximal subclavian artery was exposed 
and controled with an umbilical tape tour- 
niquet (Figure). The vessel distal to the tran- 
section could not be controlled since it passed 
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immediately over the first rib and out of the 
visible field. Therefore, while direct pressure 
was applied to the injured portion of the vessel, 
the first rib was excised subperiosteally. Fol- 
lowing removal of the rib, the rib bed was in- 
cised along the course of the artery, and distal 
control was easily obtained in the medial axilla. 
It was then possible to excise the injured seg- 
ment of vessel and to perform a primary end- 
to-end anastomosis with running 5-0 mono- 
filament suture. A strong radial pulse was 
present immediately following the repair, and 
the patient regained good function of the right 
upper extremity. 


Comment 

This technique of transpleural resection of the 
first rib is presented as an alternative method to 
obtain distal control of a subclavian artery in- 
jury approached through a thoracotomy. It 
makes unnecessary the performance of a second 
incision in the supraclavicular or infraclavicular 
space, which prolongs the time needed to ob- 
tain distal control and which, in many in- 
stances, provides very difficult exposure at 
best. 


SUBCLAVIAN A. 
INJURY 






BRACHIAL PLEXUS 
(lower trunk) — 





"^. SCALENUS ANT. M. 
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for practical 
advice on 
common surgical 
problems In 

the newborn 


Perfectly suited to the needs of surgeons and pedia- 
tricians, SURGERY OF THE NEONATE takes a new 
approach to neonatal surgery by emphasizing the 
details of operative techniques and by providing a text 
directly keyed to accurate and descriptive illustrations. 
This atlas-text provides front-line advice on the man- 
agement of surgical problems in infants in the first 
three months of life. 


In words and in pictures, the authors detail the actual 
methods that have proved successful in their practices. 
They carefully review the diagnosis, the preoperative 
preparation, the minute details of the operative proce- 
dure, and the postoperative care of common anomalies 
such as: 


cystic hygroma e esophageal atresia e pulmonary 

anomalies « pyloric stenosis « duodenal obstruc- 

tion e imperforate anus « inguinal hernia » biliary 

atresia e abdominal masses « diaphragmatic 

hernia e aortic arch anomalies e tracheostomy 
Because it focuses on operative procedures in an 
atlas-text format, SURGERY OF THE NEONATE is a 
unique reference that will serve as an invaluable source 
of information for all health professionals concerned 
with pediatric surgery. 


272 pages, illustrated. #156353, clothbound, $35.00 
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THE NEONATE on 30-day approval. 
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PIS NEW POROUS TIP 
EAD: THE PROBLEM SOLVER 


PI addressed the problem of 
ad dislodgement and designed 
e problem solver: a unique 
orous electrode. The tip 
onsists of a platinum-iridium 
reen covering a mesh ball of 
e same alloy. Optimally-sized 
bers give 85-90% porosity so 
Ssue ingrowth knits the tip to 
e endocardium. Within 24 
ours post-implant, the 


ectrode begins its embedment. 


linical studies have demon- 
rated markedly reduced 
slodgement with the porous tip 
ad. In animal trials, the 
slodgement rate was signif- 
antly lower than the solid tip 
ontrol group.! 


istologic studies show tissue 
growth in the acute phase, 
»Sulting in a secure electrode- 
ssue bond chronically, with a 
oticeably thinner and more 
ructured fibrotic capsule that 
creases sensing capability. 


or pacing the 7.5mm?°tip offers 
aduced current drain, increas- 
3 the longevity of constant 
oltage pulse generators. 


979 Cardiac Pacemakers, Inc 


For sensing the tip’s porosity 
allows maximum use of the 
effective sensing area—more 
than 50mm?—on exterior and 
interior surfaces. Presence of 
tissue and fluid within the tip 
reduces polarization losses. The 
electrode transmits a larger R- 
wave, so it offers a sensing 
advantage. 


The platinum-iridium mesh 
fibers are 25m in diameter, 
approximating cardiac cell size 
and thus minimizing tissue 
reaction.? The electrode 
becomes an integral part of the 
endocardium. Similar success 
has been experienced with 
Dacron fibers of the same size 
used in artificial heart valves. 


Biocompatible size and quick 
stabilization mean the electrode 
causes very little endocardial 
irritation. Our histologic studies 
reveal that the fibrotic capsule 
surrounding the porous tip is 
significantly thinner than the 
capsule around a solid tip. The 
capsule is typically more 
structured, further indication of 


this electrode’s biocompatibility. 


Slimming the fibrotic capsule has 
significant results—the cardiac 
signal amplitude and slew rate 
remain high, so the lead senses 
reliably in the chronic phase. 


Low Dislodgement Rate... 
Efficient Sensing and 
Pacing...the Problem 
Solver from CPI. 


Shown 24 hours post-implant, a cross- 
sectional 100X magnification of the 
porous tip-canine tissue interface. A 
fibrinoid collagen capsule has pene- 
trated the outer lattice. Optimally 
spaced platinum-iridium fibers have 
allowed electrode ingrowth to begin. 


Shown five months post-implant, a 
cross sectional 100X magnification of 
the porous tip-canine tissue interface. 
Dense connective tissue has penetrated 
the intraelectrode spaces. The fibrotic 
capsule measures about 300 microns in 
thickness. 





CPI POROUS TIP ENDOCARDIAL 
LEADS Models 4115, 4116 and 
4117 are available in 52, 59 and 
85 cm lengths, respectively. All 
are unipolar, with double-wound 
conductors of corrosion 
resistant MP35N nickel alloy. 
Silicone rubber sheaths the 
conductors and ends in a flange 
behind the porous platinum- 
iridium tip. The outer screen of 
fibers 4 in diameter secures 
the electrode mechanically and 


assures less traumatic bonding 
with endocardial tissue. Fibers 
of the interior mesh are 25um in 
diameter to reduce tissue 
reaction and promote sensing. 
The unique porous tip is 
constructed by an advanced 
bonding technique, which fuses 
the wire bonds and maintains the 
integrity of the platinum-iridium 
electrode without compromising 
the random configuration. 


Cardiac Pacemakers, Inc 
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inflammatory response, J. BIOMED. MA 
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Thanks to a CyberLith™ 
pacemaker Connie's life is 


back on track. 


FOR PATIENTS, LIKE CONNIE, WHO DON'T RESPOND 
TO DRUG THERAPY, A CYBERLITH CAN PROVIDE A 
NORMAL, ACTIVE LIFE. 


Less than four months after her pacemaker implant Connie 
Yanosick finished 98th out of 409 participants in an annual 
nationally sponsored 6.2 mile race. Connie is an active young 
woman. She is assistant coach of the women's basketball team at 
Mount Aloysius College in Cresson, Pennsylvania, where she is 
studying to be an occupational therapist assistant. She is also a 
resident advisor in her dormitory and treasurer of the school's 
Occupational Therapy Club. 


Like any college student, Connie enjoys visiting with her 
friends for late-night talk sessions. Classmates majoring in nursing 
frequently check Connie's pulse just to experience what they term 
the pacemaker “click-in.” A member of an athletic family, twenty- 
year-old Connie still rough-houses with her siblings who don't 
consider her to be “fragile or different.” 


Obviously, Connie is a happy, healthy young woman. Her 
bradycardia is controlled by a CyberLith. Of course her personal 
lifestyle will change over the coming years. But the multi- 
programmable CyberLith will permit her physician to accommo- 
date her changing physical requirements. We feel very certain that 
Connie will experience a lot of living in the future. 


Connie's CyberLith is just one model in the growing family 
of specialized CyberLith pacemakers. Thin and lightweight, 
CyberLith pacemakers permit noninvasive adjustment of stimula- 
tion rate, pulse width, sensitivity level and pacing mode. And, 
the CyberLith has a longer history of reliability than any other 
programmable multi-parameter pacemaker line. CyberLith 
put Connie back on track. It could be the pacemaker of choice 
for your patients. 


+ Intermedics Inc. 


PO. Box 617 Freeport, TX 77541 
Tel: 713/233-8611 
Toll Free: 800/231-2330 


Our business is life.”™ 


CvbherLith™ is a trademark of Intermedics. Inc.. Freenort. TX. 
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ICATIONS AND CONTRAINDICATIONS 


he indications for cardiac pacemaking are increasing as pacemakers become 

ee sophisticated and as advanced methods for patient management become 

e widespread. Generally accepted indications for long-term cardiac pacing 

ude but are not limited to: (1) sick sinus syndrome; (2) chronic, symptomatic 
g-resistant sinus arrhythmias, including sinus bradycardia, sinus arrest, and 
atrial (S-A) block as seen in sick sinus syndrome; (3) chronic, symptomatic 
nd-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome; 
bradycardia-tachycardia syndrome; (6) symptomatic bilateral bundle branch 
zk; and (7) hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
ition, certain patients presenting with intractable, recurrent, congestive heart 
are; cerebral or renal insufficiency; or recurrent, drug-resistant tachyarrhythmias 
' have been shown to benefit from temporary cardiac pacing are considered 
didates for permanent cardiac pacemaking. 

‘he indications for permanent pacing in the presence of acute myocardial 

rction have not vet been rigorously defined. Factors to be considered include 
location of the myocardial infarct, the presence or absence of symptoms, ven- 
ular rate, mechanism of the arrhythmias, and response to therapy. In general, 
iptomatic drug-resistant bradyarrhythmias which impair cardiac output are cons- 
'ed indications for pacing in patients with acute myocardial infarction, regard- 
of infarct location 

"here are no known contraindications to the use of pacemakers as a medical 
‘hod for control of heart rate. However, body rejection phenomena such as 

al tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and 


liac tamponade have been reported. 


AUTION: Federal (U.S. A.) law restricts this device to sale 
by or on the order of a physician. 


YTE: The CyberLith and the CyberLith Programmer are currently 


undergoing clinical evaluation. 
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Blood flowmeter system for 
cardiovascular, vascular and 
thoracic surgical applications. 


CLINIFLOW is designed 
specifically for a variety of 
clinical applications where 
patient safety and simplicity 
of operation are of paramount 
importance. 


The system is available with 
a two-channel recorder for 


simultaneous measurement 
of pulsatile and mean flow. 


CME also offers the industry's 
widest variety of pre-calibrated 
blood flow probes. CME .. . first 
in flowmetry. 
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NOW—A handsome way to protect 
and preserve your personal copies of 
THE ANNALS OF THORACIC SURGERY 


A durable, custom-designed Library Case or Binder will protect your 
copies of THE ANNALS OF THORACIC SURGERY from loss and 
wear. At the same time, this impressive addition to your library will help 
you conserve valuable space and reduce clutter. Both the case and the 
binder come in handsome maroon simulated leather, with an 
embossed spine in 16-K gold lettering for maximum legibility. Scuff- 
resistant and washable, each includes gold transfer so you can print the 


volume and year. 


Order your Library Case or Binder for THE ANNALS OF THORACIC 
SURGERY by simply mailing the cou- 
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tionally guaranteed or your money 
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To: Jesse Jones Box Corp. 
P.O. Box 5120 Dept. ATS 
Philadelphia, PA 19141 


My check or money order for 
$  . is enclosed. Please send 
me: 


[] THE ANNALS OF THORACIC 
SURGERY Binder(s), for issues from 
January, 1976 to present. Each binder 
holds 12 issues. Prices: $6.50 each; 

4 for $25.00. 


[] THE ANNALS OF THORACIC 
SURGERY Case(s) for issues from 
January, 1976 to present. Each case 
holds 12 issues. Prices: $4.95 each; 
3 for $14.00; 6 for $24.00. 


CI THE ANNALS OF THORACIC 
SURGERY Case(s) for issues prior to 
January, 1976. Each case holds 12 
issues. Prices: $4.95 each; 3 for 


$14.00; 6 for $24.00. 
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Address 
City State Zip 


(The prices above include postage and handling 
within the United States; make checks payable 
to Jesse Jones Box Corp.). For all orders out- 
side the United States, please add $1.00 per 
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The Belsey Mark V Procedure 


Arthur E. Baue, M.D. 


ABSTRACT A potential weak link in the Belsey 
Mark IV partial fundoplication operation is the 
placement of the plicating mattress sutures in the 
esophageal muscle. During or after repair, if these 
sutures are tied too tightly, if the esophagus is 
pulled taut beneath the diaphragm, or if the dia- 
phragm moves forcibly, the sutures can pull out. 
This causes partial or complete disruption of the re- 
pair. The use of Teflon felt pledgets with the mat- 
tress sutures is described (Mark V procedure). This 
modification seems to give better purchase of the 
sutures in the muscle of the esophagus and may help 
to lower the incidence of recurrence. 


The transthoracic partial fundoplication opera- 
tion developed by Belsey for the treatment of 
sliding hiatus hernia and reflux esophagitis has 
withstood the test of time and provided excel- 
lent results for a large number of patients. Bel- 
sey called the procedure the Mark IV to suggest 
that it had gone through several evolutionary 
changes. The primary thrust of the operative 
procedure, of course, was to provide a valve 
mechanism for the patient suffering from fail- 
ure of his own intrinsic lower esophageal 
sphincter or zone of increased pressure in the 
distal esophagus. This operation has been de- 
scribed in the literature by various disciples of 
Belsey, and results have come in from all over 
the globe [1—4, 6, 7]. 

The technical aspects of an operation de- 
signed to correct abnormal function are critical 
for a good result, and failure to recognize this 
may be responsible for some of the less than 
satisfactory results of the Belsey operation re- 
ported in the literature. For example, the valve 
mechanism produced must be just right; if too 
loose, reflux will continue, and if too snug or 
effective, the patient may have dysphagia or be 
unable to belch or vomit. 

The primary technical requirements of the 
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Belsey operation are fourfold. First, the lower 
esophagus, the esophagogastric junction, and 
the »roximal stomach must be totally mobilized 
in order for repair of the abnormality to be car- 
ried out. The esophagogastric junction cannot 
be placed well below the hiatus of the dia- 
phragm until it is separated from its attach- 
ments to the rim of this orifice. This particular 
aspect of the procedure can be done most satis- 
factorily by a thoracic approach. 

S2cond, an acute esophagogastric angle is 
re-created. The normal esophagogastric junc- 
tior forms an acute angle, described by von 
Gubaroff [8] as an important factor in prevent- 
ing reflux. The normal acute angle of the 
esophagus with the stomach is overcorrected in 
this operation by plication of the fundus of the 
stomach around the esophagus. It is critical, 
however, that the plication of the stomach 
aroind the esophagus encompass only two- 
thirds of the circumference of the esoph- 
agus, from one vagus nerve to the other, 
leaving the posterior third of the esophagus 
free. This allows the patient to belch and to 
vomit, and thereby avoid the gas bloat syn- 
drcme and other postoperative problems that 
plague total plication procedures. Patients with 
ref ux are often air swallowers. If the valve 
mechanism given them is so competent that 
they cannot belch, they may become social 
pariahs because the only alternative to belching 
swallowed air is not socially acceptable. 

-he third requirement of the procedure is 
thet a long segment of esophagus be placed 
be.ow the diaphragm and below the esophageal 
hitus. Compression of this segment of esoph- 
agas by the plicated fundus of the stomach 
prevides a competent valve mechanism. 

-inally, the muscle of the right crus of the 
diaphragm forming both sides of the esoph- 
ag2al hiatus is brought together by a series 
of interrupted sutures to narrow the hiatus 
to an appropriate size and to provide a buttress 
against which the partial fundoplication rests. 
As with any detailed operative procedure, it is 
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essential that the surgeon know it well because 
any deviations or departures can lead to less 
than satisfactory results. If the esophagogastric 
junction is not fully mobilized, a long segment 
of esophagus obviously cannot be placed be- 
neath the diaphragm. If the plication is not car- 
ried out satisfactorily, reflux may not be pre- 
vented. The esophageal hiatus can be left too 
loose, or it can be too snug and produce dys- 
phagia. The plicating sutures in the stomach 
and esophagus and through the diaphragm 
must be placed appropriately and correctly so 
that they are secure initially and hold perma- 
nently, but do not enter the lumen of the 
esophagus or the stomach. There is risk of con- 
tamination and a potential fistula if they tear 
through the mucosa. Injury to intraabdominal 
organs, particularly the spleen and the liver, 
can occur in mobilization of the stomach or in- 
sertion of the plicating sutures through the dia- 
phragm. 

This operation, when employed satisfactor- 
ily, has also been found extremely helpful in 
repair of the sphincteric defect occurring after a 
modified Heller myotomy for achalasia. In 
some patients, a myotomy corrects the achalasia 
but leaves a small hiatus hernia and reflux 
esophagitis. In this circumstance, the Belsey 
plication over the myotomy prevents reflux 
esophagitis and the development of a stricture. 
The operation has also been excellent for pa- 
tients with what Hiebert and Belsey [3] de- 
scribed as the "'patulous cardia,” a loss of lower 
esophageal sphincter function resulting in re- 
flux esophagitis but without an anatomical 
hiatal hernia present. Pearson and Henderson 
[5] obtained very satisfactory results in treating 
esophageal strictures by utilizing a Belsey-type 
repair combined with dilatation and a Collis 
gastroplasty. 

The rate of recurrence of an hiatus hernia or 
the recurrence of symptoms without hernia, 
after what seems to have been a satisfactory 
Belsey repair, has been cited in the extensive 
series from the Frenchay Hospital by Skinner 
and Belsey [6] and by Orringer and colleagues 
[4]. The recurrence rate should be less than 5%. 
In my experience, 2 patients had recurrence of 
the hernia and return of severe symptoms some 
time after I had carried out a Belsey-type repair 


that initially had seemed very satisfactory. I 
realized, as have others, that the critical event 
that may contribute to the possibility of recur- 
rence is the placing of mattress sutures in the 
esophageal wall. At elective reoperation in both 
patients it was discovered that the sutures had 
pulled out of the esophagus. A very simple 
method was developed that might decrease the 
possibility of this occurring. This small techni- 
cal modification might be called the Belsey 
Mark V procedure. 


Material and Methods 

Patient 1 

A. 42-year-old man had been found to have a 
small hiatus hernia about two years earlier, and 
was treated by a good medical program. The 
patient did not drink or smoke, but he still had 
severe difficulty with heartburn. A trans- 
thoracic Belsey Mark IV operation was per- 
formed. The operation was uneventful, the 
sliding hiatus hernia was of modest size, and 
the esophagogastric junction was placed be- 
neath the diaphragm in the usual way without 
tension. There was no evidence of esophageal 
shortening or severe esophagitis. The esoph- 
agus was relaxed and not pulled down under 
tension. Postoperatively the patient had no 
symptoms and returned to his work as a 
telephone repairman, which required that he 
climb telephone poles. 

Ten months later, the patient had a sudden 
onset of heartburn and a bitter taste in his 
mouth when he stooped over or was recum- 
bent. A barium swallow demonstrated partial 
recurrence of the hernia. It seemed that the sec- 
ond layer of sutures, through the diaphragm, 
stomach, and esophagus, had pulled out and 
the plication by the first suture line of stomach 
around the esophagus was intact but displaced 
up into the chest 3 to 4 cm above the hiatus of 
the diaphragm. Because the patient's symptoms 
at that time were mild, nothing further was 
done. Six months later, however, they became 
abruptly quite severe and could not be con- 
trolled by diet and medications. A barium 
swallow indicated that the other suture line had 
come undone. There was no evidence of a pli- 
cation, but simply a recurrence of the hernia, 
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Fig 1. Initial plication by three mattress sutures of the 
stomach around the esophagus from the right to the left 
vagus nerve. Teflon felt pledgets are both on the 
stomach where the sutures will be tied and on the 
esophagus where the mattress suture passes through 
muscle. Inset: the sutures tied. 


Fig 2. Second row of three mattress sutures inserted to 
lengthen the plication and hold the esophagus below the 
diaphragm. Inset: Cross section showing the partial pli- 
cation from one vagus nerve to the other. 


with reflux and esophagitis demonstrated by 
roentgenogram and pH study. Mild esophagitis 
was seen by esophagoscopy. Because of the 
severity of the symptoms and the relief ob- 
tained with the first operation, the patient re- 
quested that the hernia be repaired again. The 
likelihood that the recurrence was related to his 
physical activities was considered, but that the 
esophageal sutures pulled out seemed to be the 





weak point of the operation. At reoperation, 
small Teflon felt pledgets measuring 3 by 6 mm 
were used to buttress each mattress suture in 
the plication procedure (Fig 1). Teflon felt- 
bu:tressed mattress sutures were also used for 
the second plicating layer, where the suture 
came through the diaphragm and was tied on it 
(Fiz 2). The pledgets were placed under the su- 
ture in the esophageal wall as well. Pledgets 
were not used on the stomach with these su- 
tures since large, satisfactory bites of the 
stomach wall could be utilized. The completed 
rerair is shown in Figure 3. Following this re- 
pa:r, the patient again has had complete relief 
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Fig 3. Completed repair: the second row of sutures has 
been tied and the right crus of the diaphragm has been 
brought together posteriorly. 


of symptoms, and is able to eat and swallow 
well and enjoy his food. He did, however, ask 
for a lighter job because he did not want to 
test the reinforced suture line by returning to 
his previous climbing duties. 


Patient 2 
A 38-year-old man had symptoms of a sliding 
hiatus hernia with reflux esophagitis for many 
years and could not obtain relief by conserva- 
tive means. Appropriate studies demonstrated 
a modest-sized sliding hiatus hernia with reflux 
and moderate esophagitis. Operative repair 
was uneventful, and there was no tension on 
the esophagus. Postoperatively, he had com- 
plete relief of symptoms and returned to work 
as a manual laborer. He gained considerable 
weight because he was able to enjoy food and 
had no difficulty with irritation or heartburn. 
Two years later, recurrent symptoms came on 
rather abruptly. Initially, the patient was found 
to have a partial recurrence (the second suture 
line had come out) and, later, a total recurrence 
(both suture lines had been disrupted). Because 
of the severity of the symptoms, a second elec- 
tive operation was performed. The procedure 
outlined already was utilized, with Teflon felt 
pledgets buttressing the plicating mattress su- 
tures. Postoperatively, the patient did well and 
has had no further difficulty. 


Comment 

There are two weak links in the Belsey opera- 
tion: the plicating sutures, which must be 
placed in the wall of the esophagus, and the 
esophagogastric junction, which must be 
placed well below the diaphragm. If there is 
esophageal shortening due to esophagitis or 
the existence of a large hernia over a long time, 
an adequate repair can stretch the esophagus in 
such a way that it is taut. This jeopardizes the 
repair by placing undue tension on the plicat- 
ing sutures. The plicating mattress sutures in 
the esophageal wall must be deep enough to 
include the submucosa, but in achieving this, 
there is a hazard of entering the lumen, tearing 
the mucosa, and developing a perforation and a 
fistula. Therefore, the surgeon may err on the 
conservative side and not place these sutures as 
deeply as they should be. 

Most of the suturing is through esophageal 
muscle and, therefore, in some jeopardy if the 
sutures are placed under too much tension or 
tied too tightly. The first plicating row of three 
mattress sutures should simply bring the 
stomach loosely around two-thirds of the cir- 
cumference of the esophagus and hold it in 
place. There should be no tension whatsoever 
on these sutures. There also should be no ten- 
sion on the second row of sutures. These su- 
tures further plicate the stomach around the 
esophagus and then hold the esophagus well 
below the hiatus by coming out through the 
diaphragm. The surgeon may be tempted to use 
these sutures to reduce the hernia by pulling up 
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on them. This must be avoided. The hernia 
should be reduced, with the sutures relaxed, by 
pushing the stomach and the esophagus below 
the diaphragm. Then the sutures, which pre- 
viously have been placed, are very gently 
snugged up to remove the slack and tied. At 
this point, care must be taken that they not be 
tied so tightly that they cut through the esopha- 
geal wall and invite an immediate recurrence. 

When there is recurrence later, very likely 
the sutures have worn through the esophageal 
wall by pull and movement of the diaphragm 
on them. Therefore, it is imperative that there 
be sufficient esophageal length beneath the dia- 
phragm and that the esophagus be mobilized 
so that it lies loosely after the repair. The 
esophagus must be mobilized extensively for 
this purpose. This can be done by freeing the 
esophagus up to and under the aortic arch if 
necessary, dividing and ligating the esophageal 
vessels. With the esophagus intact and not di- 
vided, there are no problems with ischemia. In 
addition, division of the branches of the vagus 
nerve to the left lung allows the esophagus and 
vagus nerves to be totally separated from the 
hilum of the lung. This gives some additional 
mobility. If the repair does not lie loosely and 
comfortably below the diaphragm, the advice of 
Pearson and Henderson [5] and of Cooper and 
colleagues [2] should be heeded and a Collis 
gastroplasty tube formed. The formation of a 
gastric tube provides greater length and allows 
a repair or plication procedure to be carried 
out around this gastric tube and the lower 
esophagus, which will quite adequately pre- 
vent reflux. 

Since using this approach in these 2 patients 
I have applied it routinely in all transthoracic 
hiatus hernia repairs, whether or not a Collis 
gastroplasty has been added. It has been my 
experience that in practically all patients with a 
sliding hernia and reflux esophagitis but with- 


out stricture, a Collis gastroplasty to lengthen 
the esophagus is not necessary. This decision, 
however, requires experience, and certainly the 
repair must be relaxed or it will contribute to 
recurrent problems, regardless of the technique 
used to buttress the sutures. My use of but- 
tressed sutures has been without complica- 
tions, and I am not aware of any recurrences 
in the approximately 60 patients so treated in the 
past five years. The fact that these recurrences 
occurred in young, active men suggests that 
physical activity, deep breathing, and dia- 
phragmatic motion could be factors in the su- 
ture disruption. 
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ened Intraaortic Balloon 


Tubing for Intraoperative Use 


Steven E. Curtis, Andrew S. Wechsler, M.D., 


and H. Newland Oldham, Jr., M.D. 


ABSTRACT The intraaortic balloon pump (IABP) 
is being used with increasing frequency during sur- 
gical procedures. The standard length of balloon 
tubing requires the IABP console to be close to the 
operating table. This creates a possibility of con- 
tamination. A longer balloon tubing is described 
that permits an increased distance between console 
and operating table without decreasing effective 
augmentation. 


The standard length of tubing between the in- 
traaortic balloon pump (IABP)* console and pa- 
tient is convenient for use in the recovery room. 
This length, however, presents possible prob- 
lems during intraoperative use, including po- 
tential contamination due to the proximity of 
the console to the operating table. Contamina- 
tion also could be caused by air flow directed 
across the operative field from the cooling fan 
in the back of the console. The proximity of the 
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console makes it awkward for operating per- 
sonnel to change positions at the table without 
disconnecting the balloon tubing. This makes it 
necessary to vent the balloon line, which may 
be inconvenient because the venting valve is 
beneath the sterile drapes. 

In an attempt to minimize these logisti- 
cal problems, we investigated the effect of 
lengthening the balloon tubing on balloon 
function by using a 183 cm section of standard 
Tygon tubing and an attached balloon connec- 
tor and vent valve assembly removed from a 
previously used balloon catheter (Fig 1). This 
additional length of tubing is positioned be- 
tween the console and the standard length of 
tubing after the balloon connector on the in- 
serted balloon has been removed. The extra 
length allows the console to be moved away 
from the operating field. In addition, it is pos- 
sible to vent the balloon from either the sterile 


Fig 1. The tubing from a discarded balloon used to in- 
crease overall balloon tubing length. The vent valve (A) 
is inserted into the balloon tubing where the balloon 
connector (B) was removed. 
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Fig 2. Peak balloon pressure with various lengths of 
tubing. The pressure was measured with a transducer 
near the tip of the balloon. These numbers represent the 
mean and 1 standard deviation of three separate deter- 
minations on each of three different balloons. 
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Fig 3. Representative tracing of radial artery pressure 
from a patient during balloon pumping when the addi- 
tional 183 cm length of tubing was used. Effective 
augmentation was maintained, and the tracing was no 
different from that achieved with the standard balloon 
tubing length. 


field or at the second vent valve, away from the 
operating table. 

The 183 cm length was determined by start- 
ing with 366 cm tubing (two standard lengths) 
and reducing it by 91.5 cm at a time. Balloon 
pressure tracings were observed at each length 
in a simulated in-vivo condition (Fig 2). With 
the 183 cm length, a slight drop in peak balloon 
pressure was observed, which did not decrease 
the effectiveness of augmentation (Fig 3). Ad- 
ditional lengthening of the tubing caused a 
further decrease in peak balloon pressure and 
was accompanied by a damping of the pressure 
waveform. 

This technique has been used in 25 patients, 
and no problems have been identified. When 
the surgical procedure is completed, the extra 
length of tubing is removed before the patient 
is moved to the recovery room. The balloon 
connector is replaced to return the balloon to its 
original configuration. In each of our 25 pa- 
tients, the augmented pressure tracing re- 
mained the same after removal of the additional 
length of tubing. 

This technique allows increased flexibility in 
console positioning, reduces the possibility of 
contamination, and does not compromise the 
hemodynamic characteristics of the intraaortic 
balloon to any marked extent. 


COLLECTIVE REVIEW 


Preoperative Diagnosis and Management 
of Infants with Critical Congenital Heart Disease 


Thomas P. Graham, Jr., M.D., and Harvey W. Bender, Jr., M.D. 


ABSTRACT Operative repair with an associated 
low morbidity and mortality is available now for 
most infants with congenital cardiac defects. Precise 
preoperative diagnosis is an essential part of con- 
tinuing attempts to lower the operative risk for these 
patients. In this review we cover major areas of con- 
cern in regard to preoperative diagnosis and man- 
agement. Long-term follow-up studies with clinical, 
hemodynamic, electrophysiological, and exercise 
data are required to assess current diagnostic and 
therapeutic practices. 


The purpose of this review is to provide a per- 
spective on current concepts for invasive study 
and management of infants with critical con- 
genital heart disease. Critical congenital heart 
disease is defined here as cardiac malforma- 
tions that require catheterization or operation 
or both during the first year of life for optimal 
management. The most common defects en- 
countered are ventricular septal defect (VSD), 
tetralogy of Fallot including pulmonary atresia 
with VSD, transposition of the great arteries 
(TGA), and the coarctation syndrome. These le- 
sions are given the most extensive review, and 
less common lesions, such as pulmonary 
stenosis or atresia with intact septum, total 
venous connection 
atrioventricular 


anomalous pulmonary 
(TAPVC), tricuspid atresia, 
(AV) canal, truncus arteriosus, aortic stenosis, 
and single ventricle are afforded  corre- 
spondingly less space. 


Ventricular Septal Defect 

Indications for operation in an infant with a 
VSD are related primarily to refractory conges- 
tive heart failure or persistent pulmonary 
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hypertension. The decision as to when heart 
failure is refractory to medical management ob- 
viously varies according to the physician caring 
for the infant. In general, very poor weight gain 
over several months of treatment and repeated 
respiratory infections lead the physician to rec- 
ommend operation in an infant with a large 
shunt VSD. 

Necessary preoperative data at 
catheterization include accurate measurements 
of degree of shunting and measurements re- 
flecting pulmonary vascular resistance. In gen- 
eral, patients with refractory congestive heart 
failure have high pulmonary blood flow and 
pulmonary artery hypertension. If the pulmo- 
nary to systemic flow ratio (Q,/Q,) is greater 
than 2/1 in an infant with refractory heart fail- 
ure, operation is indicated. Patients who have a 
Q,/Q, less than 1.5/1 with normal pulmonary 
artery pressure and no pulmonary stenosis are 
usually asymptomatic, and operation is not in- 
dicated. These patients are not at risk for de- 
velopment of pulmonary vascular disease and 
will, in most cases, have a decrease in shunt 
size with increasing body size. A number will 
have spontaneous VSD closure. 

Patients with pulmonary artery hypertension 
and a Q,/Q, significantly less than 2/1 must be 
individualized with respect to the need for op- 
eration. Repeat measurements of pulmonary 
flow and pressure are indicated as is the re- 
sponse to oxygen or tolazoline or both in an 
attempt to find a reactive pulmonary vascular 
bed. It is extremely rare to have such severe 
elevation of pulmonary resistance in the first 
year of life that operation is contraindicated. If 
high pulmonary resistance associated with a 
small left-to-right shunt is found, causes of 
pulmonary venous hypertension such as cor 
triatriatum, mitral stenosis, or pulmonary vein 
stenosis must be ruled out by simultaneous 
wedge pressures and left atrial or left ventricu- 
lar end-diastolic pressures. If these lesions can 
be excluded, repeat catheterization in several 
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months to reassess pulmonary vascular resis- 
tance is indicated before an infant can be de- 
clared inoperable. Other indications that an 
infant has a major left-to-right shunt and is op- 
erable include continued symptoms of conges- 
tive heart failure, increased precordial activity, 
apical diastolic rumble, enlarged heart on chest 
roentgenogram, left ventricular hypertrophy on 
electrocardiogram, left ventricular enlargement 
by echo or quantitative cineangiocardiography, 
and estimation of a large left-to-right shunt by 
radionuclide angiography. 

Some infants with pulmonary hypertension 
and a Q,/Q, of approximately 2/1 are reason- 
ably stable clinically and do not have refractory 
heart failure. They are at risk for development 
of pulmonary vascular disease and, in general, 
should have operative closure by the time they 
are 12 months old. 

High-speed biplane cineangiocardiography 
is required to accurately define the important 
surgical anatomical details. In particular, the 
work of Bargeron and associates [1, 9] in de- 
veloping various oblique projections for the ac- 
curate delineation of size, number, and location 
of defects is extremely important. No patient 
should be operated on before this information 
is obtained by the appropriate cineangiocar- 
diograms. Biplane studies reduce by half the 
amount of radiation and of contrast medium 
needed for injection. In addition, the simul- 
taneous viewing of orthogonal projections is 
necessary in complex problems to detect ab- 
normalities in great vessel position, of AV and 
semilunar valves, and of the outflow tracts of 
both ventricles. 

When an infant has refractory congestive 
heart failure and multiple defects in the mus- 
cular septum, it is usually necessary to close 
the defects using an apical left ventricular inci- 
sion. Precise preoperative location of such de- 
fects aids considerably in operative manage- 
ment. 

Patients with VSDs frequently have shunting 
at the atrial level. The shunt is usually second- 
ary to a dilated foramen ovale. Since we usually 
approach VSDs through the atrium, the atrial 
septum can be inspected at operation and clo- 
sure performed. The presence or absence of a 
patent ductus should also be delineated before 
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Fig 1. Preoperative and postoperative left ventricular 
end-diastolic volume (LVEDV) as percent of normal 
value for 13 infants with a large ventricular septal de- 
fect: pulmonary to systemic flow ratio = 3.1 + 0.3 
(mean + standard error of the mean). Preoperative 
LVEDV was 255 + 19% (p < 0.001) and postoperative 
LVEDV was 107 + 6% (not significant). Age at opera- 
tion was 1.1 + 0.1 years and at restudy, 2.4 + 0.2 
years. (From Cordell D, Graham TP jr, Atwood GF, et 
al: Left heart volume characteristics following ven- 
tricular septal defect closure in infancy. Circulation 
54:294, 1976; reprinted by permission of the American 
Heart Association, Inc.) 


a patient undergoes operation. Often, the duc- 
tus can be traversed with the catheter. 

Ventricular functional abnormalities usually 
are not important clinically in these patients. 
The degree of left ventricular and left atrial di- 
latation as demonstrated by quantitative an- 
giocardiography correlates quite well with the 
degree of left-to-right shunt, and, thus, volume 
determinations are useful as corroborative in- 
formation regarding shunt size. When Q,/Q, is 
greater than or equal to 2/1, left ventricular 
end-diastolic volume averages more than 2.5 
times normal [6]. Most patients have normal or 
increased ejection fractions of the left and right 
ventricles prior to operation. When these 
patients are studied about a year after operation 
in infancy, both the marked left ventricular 
dilatation and the increase in wall mass have 
returned to normal (Fig 1) [6]. 

In regard to the type of operation to be per- 
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formed, pulmonary artery banding is rarely in- 
dicated at the present time in any patient with 
an isolated VSD. The results for primary closure 
of VSD in infancy suggest that this operation 
can be done with an overall mortality of less 
than 1096 [2, 4, 10, 23, 34, 40] and probably 
approaching 596. Pulmonary banding may be 
indicated in very small infants with multiple 
defects in whom a left ventricular approach is 
necessary and in whom extensive acute lung 
disease is present. 


Tetralogy of Fallot 
This section concerns patients with classic te- 
tralogy of Fallot consisting of large VSD with 
equal right and left ventricular pressures asso- 
ciated with infundibular or valvular pulmonary 
stenosis, or both, with pulmonary artery pres- 
sure either normal or decreased. Indications for 
operation include hypercyanotic spells or the 
presence of increasing cyanosis causing the 
hematocrit to increase to approximately 60% or 
greater or resting systemic oxygen saturation to 
be less than or equal to 70%. Poor weight gain 
is seldom a problem, and congestive heart fail- 
ure does not occur in uncomplicated tetralogy. 

Preoperative data that are essential in this 
situation include adequate biplane ventricular 
angiograms showing the right ventricular out- 
flow tract and pulmonary artery. Oblique or 
angled angiocardiograms are useful in clarify- 
ing outflow tract and pulmonary artery an- 
atomy as well as detecting the rare occurrence 
of a muscular VSD in addition to the usual 
infracristal, tetralogy VSD [1, 9]. The view ob- 
tained when the patient is sitting up is impor- 
tant to detect any abnormalities of the supra- 
valvular area or of the left pulmonary artery 
[1]. The coronary artery anatomy should also be 
defined. Anomalies associated with tetralogy of 
Fallot include the origin of the left anterior de- 
scending coronary artery from the right coro- 
nary artery and the origin of the single coronary 
artery from the right cusp with the left coronary 
artery then crossing the outflow tract of the 
right ventricle. With either of these anomalies, 
the involved coronary artery can be covered by 
epicardial fat and may not be readily apparent 
at the operating table. 

Both echocardiography and angiocardiog- 


raphy should be used to exclude double-outlet 
right ventricle and to rule out rare causes of 
potential obstruction to pulmonary venous re- 
turn, such as mitral stenosis. 

Finally, left and right ventricular size should 
be evaluated by the angiocardiograms. In gen- 
eral, a small right ventricle usually is apparent 
from an abnormal electrocardiogram showing a 
lack of right-axis deviation and the normal de- 
gree of right ventricular hypertrophy that is 
seen with classic tetralogy of Fallot. This ab- 
normality can be associated with an overriding 
or straddling tricuspid valve. The small left 
ventricle has not been a documented problem in 
infancy, but it can be a problem in the older 
patient who has been cyanotic for a number of 
years and has had decreased pulmonary blood 
flow during that period. In general, patients 
whose left ventricles are greater than 60% of 
normal by volume determinations do not have 
problems with left ventricular failure following 
repair [18]. 

Whether patients with classic tetralogy of 
Fallot ever require a shunting procedure before 
definitive repair is still being debated. We 
think that patients with classic tetralogy with- 
out hypoplastic annulus or pulmonary arteries 
are candidates for repair at any age. They gen- 
eraly do not show symptoms until they are 
more than 6 months old. There appears to be no 
need for a preliminary shunt. An exception to 
this approach is that group of patients with 
coronary artery anomalies of the type to be 
mentioned. They probably do better with an 
initial shunting procedure and with intracar- 
diac repair postponed to a later time when it 
may be necessary to place a conduit from the 
right ventricle to the pulmonary artery to avoid 
interruption of important coronary supply to 
the left ventricle. Another exception is the in- 
fant with a prolonged and refractory hyper- 
cyanotic spell who cannot be relieved by con- 
ventional medical therapy. An emergency 
shunt procedure can be useful in this situation. 

The important remaining question is: what 
constitutes sufficient hypoplasia of the pulmo- 
nary arteries or pulmonary valve annulus to 
qualify a patient for an initial shunting proce- 
dure? This has to be determined individually. 
In general, when the combined diameter of the 
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main right and main left pulmonary arteries is 
less than 33% of the diameter of the ascending 
aorta, an initial shunt is probably the operation 
of choice. Most patients with this degree of hy- 
poplasia have virtual pulmonary atresia. Cas- 
taneda and co-workers [5] recommended VSD 
closure with a perforated patch and interposi- 
tion of a large pericardial outflow path in this 
situation. 

Of particular importance in patients with te- 
tralogy of Fallot is the treatment of hypercya- 
notic spells, which can occur preoperatively. It 
is emphasized that these spells can occur in 
patients who are acyanotic at rest, the so-called 
pink tetralogy of Fallot. The classic history of an 
infant awakening in the morning and becoming 
irritable with progressive irritability and cry- 
ing associated with increasing cyanosis and 
lethargy is frequently not obtained. Any history 
of hypercyanosis associated with irritability, 
crying, or lethargy should be considered highly 
suggestive of a tetralogy spell. Treatment for the 
hypercyanotic spells involves placing the child 
in a knee-chest position. The major effect of this 
maneuver is to increase systemic resistance, de- 
crease the right-to-left shunt, and increase 
pulmonary blood flow. Oxygen usually is ad- 
ministered also. The major beneficial effect of 
the increase in inspired oxygen is an increase in 
systemic vascular resistance. Morphine sulfate, 
a dose of 0.05 mg per kilogram of body weight, 
can be administered intramuscularly or intra- 
venously. In general, we have found this useful 
only if the child continues to be markedly irri- 
table. We have found the alpha-adrenergic 
stimulating agent Neo-Synephrine (phenyl- 
ephrine hydrochloride) most useful in increas- 
ing systemic resistance, decreasing right-to-left 
shunt, and increasing pulmonary blood flow. It 
is given in a dose of 0.02 mg per kilogram, 
preferably intravenously. Unfortunately, many 
of these patients have such peripheral vas- 
cular constriction that intravenous cannula- 
tion is very difficult. Initially, Neo-Synephrine 
can be administered intramuscularly. It may 
be necessary to continuously infuse this drug 
in a dose of 2 to 5 ug/kg/min. In addition, 
metabolic acidosis should be treated with 
intravenous sodium bicarbonate. Usually, as 
soon as blood pressure rises by 15 to 20 mm Hg 


sys:olic, the systolic murmur of pulmonary 
stenosis, which is soft or inaudible during the 
spell, returns and the patient's cyanosis de- 
creases. In patients who require prolonged 
treetment to circumvent the spells before oper- 
aticn can be undertaken, propranolol, 0.5 to 1 
mg per kilogram, can be administered orally 
usually every 6 to 8 hours. We have not found it 
necessary to discontinue the propranolol for 
longer than 12 hours prior to intracardiac re- 
pair. 


Pulmonary Atresia with 

Ventricular Septal Defect 

Patients in this category can be considered the 
extreme example of tetralogy of Fallot. They 
generally are seen with cyanosis and hypovas- 
cular lung fields in the early neonatal period. 
The most important advance in the care of these 
patients is the use of prostaglandin E, (PGE,) to 
dilate the ductus arteriosus and render pallia- 
tion until operative intervention is performed 
[8, 13, 21, 30, 31]. Cardiac catheterization 
should define the intracardiac anatomy, par- 
ticularly the presence or absence of a ventricular 
septum and a right ventricular outflow tract. In 
addition, the blood supply to the lungs should 
be celineated as completely as possible under 
the conditions of the study. Of especial impor- 
tance is the manner of blood supply to the 
lungs, which usually is almost exclusively from 
a patent ductus arteriosus. Following delinea- 
tion of the lesion, infusion of PGE,, 0.05 “g/kg! 
min, is begun. The infusion can be given in- 
traarterially at the site of the ductus or intrave- 
nously into the inferior vena cava or right 
atrium. Because there is no pulmonary blood 
supply from the heart, there is no major deacti- 
vation of the drug with intravenous use before 
it reaches the site of the ductus. Figure 2 demon- 
strates a lateral view of two aortograms, one 
made before and one after administration of 
PGE,. There is obvious marked ductal dilata- 
tion with increased size of both the main and 
braneh pulmonary arteries in this 1-day-old 
infant with TGA, pulmonary atresia, and VSD. 
An increase in partial pressure of arterial oxy- 
gen :rom 24 to 52 mm Hg was obtained in 
this infant following use of PGE,, and clinical 
cyanosis disappeared. 
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Fig 2. Aortograms made (A) before and (B) after the 
administration of prostaglandin E, in a 1-day-old infant 
with pulmonary atresia. There is ductal and pulmonary 
artery dilatation following infusion. (From Graham TP 
Jr: Advances in invasive cardiac diagnosis and manage- 
ment. Pediatr Clin North Am 25:707 —720, 1978.) 


Adverse side-effects of PGE, include apnea 
and temperature elevation. The latter is usually 
mild and abates rapidly with discontinuation of 
the drug. There must be continuous monitoring 
for signs of apnea: it is probably a central effect 
and thus more common with intravenous use. 
It can occur almost immediately on beginning 
the PGE, infusion. The incidence and severity 
of side-effects may be less if the rate of infusion 
is decreased to 0.025 or even 0.010 ug/kg/min. In 
addition, ductal dilatation can be sustained 
quite well with lower rates of infusion. 

Dilation of the ductus usually is successful in 
increasing pulmonary blood flow to such an 
extent that the patient is no longer critically ill 
and complete preoperative stabilization and 
evaluation can be performed. It is important to 
delineate correctly the side of the aortic arch, 
the branching of the great vessels, and the pres- 
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ence or absence of an aberrant origin of a sub- 
clavian artery. These data are needed before a 
Blalock-Taussig shunt, which is preferable in 
most patients, can be done. It is performed in 
conjunction with continuous infusion of PGE, 
until the anastomosis is completed. 

After the infusion of PGE, has begun, often a 
repeat angiocardiogram must be made in order 
to better delineate the pulmonary arterial sup- 
ply. When there is differential blood supply to 
each lung, either from a patent ductus or 
anomalous vessels from the aorta, this may be 
the best chance to define accurately the pulmo- 
nary blood supply. 

Alternatives to the Blalock-Taussig shunt in- 
clude the Waterston shunt, Potts shunt, ductal 
infiltration with formalin, and an interposed 
graft from the aorta to the pulmonary artery. 
Congestive heart failure, pulmonary hyperten- 
sion with the risk of development of pulmonary 
vascular disease, and kinking or narrowing of 
the pulmonary artery are too often problems 
with either the Waterston or Potts shunt. Ductal 
infiltration with formalin usually provides only 
temporary palliation (a few days to weeks) and 
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is used only when other shunts are not feasible. 
The aorta- pulmonary artery synthetic graft is 
an attractive possibility but has a high potential 
for thrombosis in the smaller sizes needed for 
infants. In a patient in whom the shunt closes 
in the early postoperative period, intravenous 
administration of PGE, can be useful until 
shunt revision is possible. 

Operative repair with VSD closure and es- 
tablishment of right ventricle- pulmonary ar- 
tery continuity in these patients is delayed until 
they weigh 15 to 20 kg as long as increasing 
cyanosis or fatigability do not force earlier in- 
tervention. A repeat Blalock-Taussig shunt on 
the opposite side may be advisable before re- 
pair if polycythemia recurs in the first few years 
of life. In some older patients with hypoplastic 
pulmonary arteries, establishment of right 
ventricle- pulmonary artery continuity without 
VSD closure might allow the pulmonary artery 
to grow to such a size that repair is feasible [28]. 


Transposition of the Great Arteries 

Infants with TGA without a VSD or large patent 
ductus are seen in the first few days of life with 
intense cyanosis. These patients frequently re- 
quire emergency cardiac catheterization and 
balloon atrial septostomy to allow adequate 
oxygenation. Right and left ventricular cinean- 
giocardiography generally are performed, as are 
measurements of pressures in the right and left 
ventricles and both atria. The angled oblique 
left ventricular angiogram is useful to delineate 
abnormalities of the left ventricular outflow 
tract and pulmonary valve stenosis. When the 
left ventricular pressure is more than half of the 
right ventricular pressure, the measurement of 
pulmonary pressure is helpful in determining 
whether or not pulmonary stenosis is present. 
A number of infants have persistent eleva- 
tion of pulmonary artery pressure, but it reverts 
toward normal over several weeks. Pulmonary 
artery pressure usually can be obtained with a 
balloon catheter. The majority of infants with 
simple transposition who have an adequate 
balloon atrial septostomy usually do well and 
can be followed without medication as outpa- 
tients. Congestive heart failure is virtually 
never a problem unless there is an associated 
large ductus or VSD. 


Our usual policy is to recatheterize these pa- 
tients when they are 6 months old or earlier in 
order to assess the pulmonary flow, pulmonary 
pressure, and pulmonary resistance. In addi- 
tion, right and left ventricular function can be 
estimated with quantitative cineangiocardiog- 
raphy. Left ventricular output by angiography 
equals pulmonary blood flow minus bronchial 
flow and is a good way to estimate this variable. 
Pulmonary vascular resistance is calculated as 
pulmonary artery mean pressure minus left 
atrial mean pressure divided by left ventricular 
output, which is indexed for body surface area. 
Results are given in units per square meter of 
body surface, with normal values being 1 to 3 
units by the time the patient is 8 weeks old. 

Patients with simple transposition are oper- 
ated on now before they are a year old. Rarely 
does major elevation of pulmonary vascular re- 
sistance occur before this age. If there is an in- 
dication of mild or moderate elevation at the 
second catheterization (4 to 8 units per square 
meter), repair is performed at that time. How- 
ever, higher elevations almost never occur in 
the first year of life. 

Currently, we perform elective operation 
when a patient has progressive cyanosis with 
polycythemia approaching a hematocrit of 60% 
or resting systemic oxygen saturation of less 
than 60%. The operation of choice is the Mus- 
tard procedure or Senning operation, and we 
prefer the Senning operation [33, 36]. We think 
it has obvious theoretical advantages in that lit- 
tle or no synthetic material or pericardium is 
used and, thus, late postoperative vena cava or 
pulmonary venous obstruction should not be a 
problem and atrial transport function may be 
better than following a Mustard repair. 

A small percentage of patients with simple 
TGA does not show a prompt increase in ar- 
terial oxygen saturation after balloon atrial 
septostomy. In general, these patients have 
persistent systemic partial pressure of oxy- 
gen (Po,) ranging from 20 to 30 mm Hg and 
oxygen saturation well below 60%. Repeat 
balloon atrial septostomy usually is indicated 
to try to provide a larger atrial opening, 
as is transfusion to a hematocrit of approxi- 
mately 50%. In many patients, this does not 
improve systemic oxygen saturation. In such 
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patients, an infusion of PGE, might dilate a 
patent ductus, increase pulmonary blood flow, 
secondarily increase the bidirectional atrial 
shunt, and increase systemic oxygenation. To 
date, there have been no studies of this type of 
management although a few isolated reports 
indicate that it could be a feasible alternative 
[30]. In a 54-hour-old infant with isolated 
transposition, we had success using PGE, to 
dilate a ductus and increase oxygen saturation 
from 26 to 79%. PGE, infusion can be continued 
intravenously if there are no notable side- 
effects, and the dose usually can be decreased to 
0.025 or even 0.010 ug/kg/min. This therapy can 
be continued for a few days to a few weeks and 
then tapered and discontinued. If hypoxemia 
recurs, operative intervention may be required. 

Indications for early operative intervention 
vary according to the degree of hypoxemia that 
the infant (and cardiologist) will tolerate. A 
falling pH is an obvious indication for inter- 
vention. Currently, we use a systemic Po, at 
rest, which is persistently in the low 20s, or a 
systemic oxygen saturation at rest, persistently 
well below 6096, as indications for further ther- 
apy. We have not had success with atrial 
septectomy to provide immediate relief of 
hypoxemia. Our preference at present is to 
perform a Senning repair, even in a patient only 
a few weeks old. We are unaware of any data at 
present that indicate that septectomy plus later 
repair is associated with a lower morbidity and 
mortality than early repair. 

In patients with TGA associated with a large 
VSD, there is usually adequate oxygenation 
early in life. These patients are seen with 
symptoms of congestive heart failure within the 
first two months of life. They usually have a 
mild to moderate degree of cyanosis. After 
treatment of the congestive failure, cardiac 
catheterization is carried out to detect the size 
and location of the VSD, to measure pulmonary 
artery pressure and pulmonary vascular resis- 
tance, and, with angled angiocardiography, to 
detect any abnormalities of the left ventricular 
outflow tract. In addiction, angled angiographic 
views should be used to detect abnormalities of 
AV valve position, particularly an overriding 
tricuspid valve, if such a defect is suggested by 
suspected right ventricular hypoplasia [9]. The 





Fig 3. Angled oblique right ventricular cineangiocar- 
diogram in an 8-month-old infant with transposition of 
the great arteries, pulmonary artery (PA) overriding a 
large ventricular septal defect (VSD), and pulmonary 
artery band in place. (AO — aorta; RV — right ventri- 
cle; LV = left ventricle.) (From Graham TP Jr: Ad- 
vances in invasive cardiac diagnosis and management. 
Pediatr Clin North Am 25:707 —720, 1978.) 


complex intracardiac anatomy frequently pres- 
ent in this group must be clarified as com- 
pletely as possible before operation. 

Figure 3 is a long-axis oblique view of a 
right ventricular cineangiocardiogram in an 8- 
month-old infant with TGA, large VSD, pul- 
monary artery overriding the VSD, and a pul- 
monary artery band. Successful repair was 
performed with VSD closure, removal of the 
pulmonary artery band, and a Senning, inter- 
atrial procedure. 

Patients with TGA and VSD generally require 
some type of operative intervention in the first 
six months of life. If congestive heart failure is 
refractory, pulmonary artery banding or de- 
finitive repair should be undertaken. Infants 
with TGA plus VSD have an accelerated course 
of development of pulmonary vascular disease 
over and above that seen with an isolated VSD. 
We prefer direct VSD closure and a Senning 
procedure. The aortopulmonary artery switch- 
ing operation is not recommended at this time. 

Patients with TGA and VSD associated with 
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pulmonary stenosis can be seen with a reason- 
ably balanced shunt and only a moderate de- 
gree of cyanosis. With increasing pulmonary 
stenosis, the degree of cyanosis increases. 
These patients require catheterization as soon 
as the diagnosis of cyanotic congenital heart 
disease is apparent. Again, measurements of 
right and left ventricular pressures are neces- 
sary. Measurement of pulmonary artery pres- 
sure often is difficult and in some instances 
impossible to obtain. Angiography in both ven- 
tricles is required, and the angled oblique view 
is usually quite helpful in delineating the 
stenosis, be it subvalvular or valvular. If the 
stenosis does not look severe, repeated at- 
tempts should be made to enter the pulmonary 
artery and ascertain the degree of stenosis since 
angiographic appearances sometimes are de- 
ceptive with regard to the severity of the ob- 
struction. 

The indications for operation in these pa- 
tients are similar to those for patients with te- 
tralogy of Fallot: the degree of cyanosis deter- 
mines when operation is to be performed. 
When there is increasing fatigability and an in- 
creasing hematocrit approaching or exceeding 
60%, operation should be done. When there 
is only a moderate degree of valvular or 
subvalvular stenosis, primary repair often is 
feasible, with closure of the VSD and at least 
partial relief of the pulmonary stenosis. A 
Mustard or Senning intraatrial repair is carried 
out at the same time. In patients with a very 
large VSD and severe pulmonary stenosis, 
which appears to be inaccessible to adequate 
relief, a Blalock-Taussig shunt is preferred. 
These patients become candidates for a 
Rastelli-type of operation, which is most suc- 
cessful if done when the patient is 5 or 6 years 
old. Sometimes, a second shunt is necessary in 
order for the patient to reach this age with a 
reasonable degree of oxygenation and good 
growth of both pulmonary arteries. 

Our group has had a special interest in right 
ventricular function before and after operation 
in patients with TGA. The majority of patients 
do show low right ventricular ejection fractions 
both before and following repair of TGA (Fig 4) 
[15]. Despite this, most patients are well clini- 
cally. We have seen 2 patients with severe ab- 
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RIGHT VENTRICULAR EJECTION FRACTION 


Fig 4. Right ventricular ejection fraction in infants with 
isolated transposition of the great arteries before and 
after Mustard's repair. (SD = standard deviation.) 
(From Graham TP Jr, Atwood GF, Boucek R] Jr, et al: 
Abnormalities of right ventricular function following 
Mustard's operation for transposition of the great ar- 
teries. Circulation 52:678, 1975; reprinted by permission 
of the American Heart Association, Inc.) 


normalities of right ventricular function, which 
led to severe congestive heart failure post- 
operatively. We believe the etiology of these 
abnormalities of right ventricular function is 
related to repeated intermittent episodes of 
significant hypoxemia with stress prior to opera- 
tion in which myocardial hypoxia occurs and 
myocardial fibrosis ensues. 


Coarctation Syndrome 

Infants with severe coarctation of the aorta gen- 
erally are seen when they are 7 to 14 days old 
with the rather sudden onset of severe conges- 
tive heart failure with low cardiac output and 
oliguria. They frequently have a history of 
being completely normal on examination as 
neonates. Recent data indicate that when the 
ductus remains open, aortic flow around the 
posterior ledge that forms the hallmark of most 
coarctations is sufficient to provide normal flow 
to the lower extremities with usually normal 
femoral pulses and normal renal blood flow [35, 
38]. With ductal constriction at the aortic end, a 
severe increase in left ventricular afterload is 
produced along with markedly decreased renal 
blood flow, fluid retention, and severe conges- 
tive heart failure (Fig 5) [12]. In patients with an 
isolated coarctation, there is frequently a large 
atrial left-to-right shunt through a dilated pa- 
tent foramen ovale [12]. These patients are 
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Fig 5. Pathophysiology of symptomatic infant coarcta- 
tion. The resultant clinical findings include severe car- 
diomegaly (right heart), pulmonary venous congestion, 
poor peripheral output, and fluid retention and 
hepatomegaly. (LV = left ventricular; LVEDP = left 
ventricular end-diastolic pressure; LAP = mean left 
atrial pressure; PUL. VEN. = pulmonary venous; L-R = 
left-to-right; RV = right ventricle; RA = right atrium.) 
(From Graham TP Jr, Atwood GF, Boerth RC, et al: 
Right and left heart size and function in infants with 
symptomatic coarctation. Circulation 56:641, 1977; re- 
printed by permission of the American Heart Associa- 
tion, Inc.) 





treated vigorously with digitalis and diuretics, 
and cardiac catheterization is performed within 
12 to 24 hours after diagnosis. Occasionally, 
patients do not respond adequately to the 
anticongestive measures, and catheterization 
must be performed within a few hours after the 
start of anticongestive treatment and treatment 
of any metabolic acidosis. 

In patients with an isolated coarctation with- 
out VSD, catheterization findings usually in- 
clude notable right ventricular hypertension, an 


Fig 6. Abdominal aortic pressure (AP) before and after 
ductal dilatation with prostaglandin E, in a neonate 
with symptomatic coarctation. (From Graham TP Jr et 
al [14 ].) 
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atrial left-to-right shunt, and elevated left atrial 
pressure. Biplane cineangiocardiography re- 
veals a normal to small left ventricle and a large 
right ventricle. Aortic stenosis should be ruled 
out by a left ventricular angiocardiogram as well 
as by simultaneous left ventricular and right 
arm pressures, provided an aberrant right sub- 
clavian artery is not present. Ejection fraction of 
the left and right ventricles are both markedly 
depressed [12]. The coarctation is usually well 
visualized on left ventricular cineangiocardio- 
grams. The origins of the coronary arteries should 
be delineated on the left ventricular angiocar- 
diogram. An anomalous origin of the coronary 
artery from the pulmonary artery can prove dis- 
astrous in the postoperative period if it is not 
diagnosed and treated. With the subsequent 
fall in pulmonary artery pressure postopera- 
tively, myocardial infarction occurs. 

Infusion of PGE, has been extremely helpful 
in this situation when the ductus is still open. 
Infusion is begun into the pulmonary artery 
and with successful ductal dilation, an increase 
in pressure in the lower extremities with in- 
creased renal and mesenteric blood flow is usu- 
ally associated with prompt improvement in 
the signs of congestive heart failure (Fig 6) [14]. 








AP 83/48 mmHg 
O2 sat. 85 % 
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In the critically ill infant who does not respond 
to anticongestive therapy before catheteriza- 
tion, PGE, infusion could be given under care- 
fully monitored conditions before catheteriza- 
tion in order to stabilize the infant's condition 
and allow time for adequate diagnostic studies. 
The infusion is continued while the patient is 
taken to the operating room and while primary 
repair is carried out. At present, we prefer the 
subclavian flap procedure [20, 32] to end-to-end 
anastomosis because of the probable lower in- 
cidence of recoarctation and need for reopera- 
tion. 

The abnormalities of left ventricular function 
appear to be largely afterload related, and left 
ventricular function usually returns to normal 
over a period of weeks to months following op- 
eration [12]. 

In patients with an associated VSD, man- 
agement is much more difficult. In the past, we 
performed coarctation repair and pulmonary 
artery banding when pulmonary hypertension 
was present at or near systemic levels and the 
VSD appeared to be at least 7596 of the size of 
the aortic orifice. With this plan of manage- 
ment, many infants have a stormy postopera- 
tive course and marked symptoms of congestive 
heart failure afterwards. From our past experi- 
ence, we now think that primary repair of 
coarctation and VSD can be done in many 
patients and have, in fact, performed this oper- 
ation successfully using hypothermia and a 
sternotomy incision in a 3-week-old infant. The 
preoperative cineangiocardiogram is shown in 
Figure 7 and demonstrates a large VSD in the 
muscular septum and a tight coarctation of the 
aorta. Although we believe that this is the best 
mode of management for patients with large 
defects and pulmonary artery hypertension, 
there are no available data to indicate that it is 
better than coarctation repair and pulmonary 
artery banding with subsequent VSD closure. 

Patients with an interrupted aortic arch pre- 
sent an even more difficult problem in man- 
agement. These patients also benefit from infu- 
sion of PGE, when the ductus is open [27]. In a 
number of patients, it is possible to anastomose 
the upper and lower ends of the aorta and then 
perform pulmonary banding. Other methods to 
provide aortic continuity include use of a Teflon 
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Fig 7. Left ventricular cineangiocardiogram in a 3- 
weex-old infant with coarctation and a large ventricular 
septzl defect in the muscular septum. 


graft or of the left subclavian or carotid arteries. 
Management of this lesion continues to be dif- 
ficult, and we think that attempts at complete 
repair using hypothermia at the initial opera- 
tior will in the future provide the best care for 
these patients. 


Pulmonary Atresia with Intact Ventricular 
Septum and Critical Pulmonary Stenosis 
Patents with this combination usually are seen 
wita severe cyanosis in the first few days of life. 
The majority have small right ventricles, which 
ranze in size from a tiny chamber that is dif- 
ficult to visualize well angiographically to a 
normal or large ventricle. But rarely does a 
normal or large ventricle occur in these pa- 
tients, and when it does, there usually is nota- 
ble tricuspid insufficiency. The tricuspid valve 
is frequently normal anatomically but the 
orizice may be small, relating to the size of the 
ventricle itself. Some patients have an Ebstein's 
abnormality of the tricuspid valve. 

Patients in this category require emergency 
cataeterization. If the right ventricle can be en- 
tered across the small tricuspid valve, usually a 
hand injection of contrast medium and biplane 
cineangiocardiography is sufficient to make the 
diegnosis. The right ventricular pressure is 
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Fig 8. Preoperative and postoperative right ventricular 
end-diastolic volume (RVEDV) for 3 infants with pul- 
monary atresia (PAT), 1 of whom had critical pulmo- 
nary stenosis (PS) and intact ventricular septum. (From 
Graham TP Jr et al [17 ].) 


suprasystemic, and filling of myocardial sinu- 
soids with retrograde coronary flow into the 
coronary arteries and then into aorta can oc- 
cur. Mild to moderate degrees of tricuspid re- 
gurgitation are present. Infants with marked 
tricuspid regurgitation usually have a large 
right ventricle. In general, the left ventricle is 
normal in size or mildly to moderately en- 
larged, depending on the degree of pulmonary 
blood flow through the patent ductus. 
Infusion of PGE, is used to provide emer- 
gency palliation with improvement in oxy- 
genation. In the future, PGE, may be used 
before catheterization when the clinical diag- 
nosis is clear. These patients are taken to the 
operating room while PGE, infusion is con- 
tinued, and pulmonary artery-right ventricle 
continuity is established using either inflow oc- 
clusion with visualization of the valve from a 
pulmonary artery approach or a pursestring in- 
cision in the right ventricular outflow tract and 
a transventricular valvulotomy. Mansfield and 
co-workers [29] developed a method to core out 
obstructing muscle and fibrous tissue in the 
infundibular area. It may prove useful. 
Although they obtain adequate relief of the 
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pressure overload of the right ventricle, most 
patients continue to have a large right-to-left 
shunt at the atrial level. This is due to altered 
distensibility and filling characteristics of the 
right ventricle, which usually shows some fi- 
brosis, or a small tricuspid valve, or both. 
These patients may well require a shunt pro- 
cedure or ductal infiltration with formalin. If 
PGE, has been successful in achieving adequate 
oxygenation, infusion postoperatively can be 
continued in an attempt to provide pulmonary 
blood flow by the ductus until the right ventri- 
cle dilates to such a degree that pulmonary flow 
is ejected through the pulmonary artery from 
the small right ventricle. This lesion contin- 
ues to be a difficult one to manage. It is hoped 
that with PGE,, improved treatment can be 
achieved. 

We have demonstrated growth of the right 
ventricles in patients who have undergone suc- 
cessful valvotomy (Fig 8). However, we have 
not seen any of the ventricles achieve a com- 
pletely normal size [16, 17], and elevated right 
ventricular end-diastolic pressure secondary to 
altered distensibility as well as atrial right-to- 
left shunting can remain long-range problems. 

Patients with critical pulmonary stenosis can 
present a similar picture. They generally re- 
spond more favorably to valvotomy, but many 
need a palliative shunt or PGE, infusion after 
valvotomy because of a continued large atrial 
right-to-left shunt. The long-term outlook for 
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these patients is good, and normal right heart 
growth and function usually are found at post- 
operative catheterization. 


Total Anomalous Pulmonary 

Venous Connection 

In general, there are two clinical types of 
TAPVC: the obstructed type and the non- 
obstructed or mildly obstructed type. In the 
obstructed type, which most commonly drains 
below the diaphragm into the portal vein, the 
infant is seen shortly after birth with marked 
respiratory distress and mild to moderate 
cyanosis. On roentgenogram, the heart is fre- 
quently not enlarged or only mildly enlarged. 
Normally, after a day or two, the typical ap- 
pearance of pulmonary venous congestion ap- 
pears on the roentgenogram. As soon as this 
diagnosis is considered, cardiac catheterization 
should be carried out. Oxygen determinations 
frequently are not as helpful as might be antici- 
pated because of the severe degree of pulmo- 
nary vascular obstruction and a degree of 
shunting that may not be excessive. Severe 
pulmonary hypertension is present, usually 
with a right-to-left ductal shunt. Right ven- 
tricular cineangiocardiography may show such 
a large right-to-left ductal shunt that insuffi- 
cient blood is pumped through the lungs to 
outline the pulmonary veins and their drainage 
(Fig 9). Left ventricular cineangiocardiography 
usually reveals a small- to normal-sized 
ventricle. The left atrium is generally only ap- 
proximately 50% of normal in size [19]. It is 
extremely important that adequate delineation 
of the pulmonary venous return be obtained. 
This may be possible only with occlusion of the 
ductus arteriosus with a balloon catheter (Fig 
10). In this infant, pulmonary artery cinean- 
giocardiography with the ductus occluded with 
a balloon catheter revealed TAPVC below the 
diaphragm. Successful repair was carried out a 
few hours after catheterization. 

An alternative method for visualizing pul- 
monary venous return in this setting is to use 
an end-hole, balloon-tipped catheter with 
selective right and left pulmonary artery injec- 
tions. The balloon is inflated in either the right 
or left pulmonary artery with subsequent filling 
of the distal pulmonary artery with contrast 





Fig 9 Right ventricular cineangiocardiogram in a 2- 
day-eld infant shows a large right-to-left ductal shunt. 
(RV = right ventricle; AO = aorta.) (From Graham TP 
]r: Advances in invasive cardiac diagnosis and manage- 
ment. Pediatr Clin North Am 25:707 —720, 1978.) 


Fig BO. Lateral view of a pulmonary arteriogram. A 
ballcon catheter is wedged into the patent ductus (PDA) 
to temporarily occlude it in order to delineate the pul- 
monary venous return. (MPA — main pulmonary ar- 
tery ) (From Graham TP Jr: Advances in invasive car- 
diac diagnosis and management. Pediatr Clin North Am 
25:707 —720, 1978.) 
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medium. Upon release of the balloon, the pul- 
monary arterial tree, capillary bed, and pulmo- 
nary venous return can be seen. 

Patients with nonobstructed TAPVC usu- 
ally have a relatively uncomplicated neonatal 
course. They can show mild cyanosis and tach- 
ypnea in the first few days of life. As pul- 
monary vascular resistance decreases over the 
first few weeks after birth, these patients dem- 
onstrate more tachypnea with increased right 
ventricular precordial activity, a widely split 
systolic second sound, and a prominent pul- 
monary ejection murmur. The clinical course 
varies from that of an infant with chronic heart 
failure, poor weight gain, and repeated pulmo- 
nary infections to that of an infant who is virtu- 
ally without symptoms with clinical signs of a 
large left-to-right shunt and right ventricular 
volume overload. We perform cardiac catheteri- 
zation on infants in either of these clinical cate- 
gories and proceed with operative repair as 
soon as the diagnosis is established. We have 
obtained excellent results with this lesion over 
the last seven years with 13 of 16 survivors in 
patients less than 12 months old, including 8 of 
10 survivors in infants 1 month old or less. The 
patients have continued to do well postopera- 
tively, with no signs of obstruction of the 
anastomotic site, to date. 


Tricuspid Atresia 

Patients with tricuspid atresia are seen at vary- 
ing ages, depending on the associated defects. 
Those with pulmonary atresia are seen early in 
life with the degree of cyanosis dependent on 
the degree of ductal patency. Their manage- 
ment is similar to that of a patient with pulmo- 
nary atresia without tricuspid atresia. Infusion 
of PGE, is used to provide temporary palliation. 
Cineangiocardiography with injection into the 
inferior vena cava generally shows absence of 
filling of the right ventricle, with the contrast 
medium passing directly across an atrial defect 
into the left atrium and left ventricle. The pul- 
monary artery is supplied only from a ductus 
arteriosus or bronchial collateral vessels or 
both. A similar cineangiocardiogram can be 
obtained in patients with pulmonary atresia 
and intact ventricular septum. In these patients, 
because of the high pressure in the right ventri- 
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cle, very little, if any, contrast medium enters 
when the injection is into the inferior vena cava 
or right atrium. The preoperative use of 
echocardiography helps considerably in distin- 
guishing these two entities and prevents one 
from spending an excessive amount of time 
trying to pass a catheter through a nonexistent 
tricuspid valve in a patient in whom it is not 
known whether tricuspid atresia or pulmonary 
atresia with intact ventricular septum is pres- 
ent. 

Patients with tricuspid atresia associated 
with VSD and pulmonary stenosis are seen at 
varying ages depending on the severity of the 
pulmonary stenosis. In these patients, it is im- 
portant to use angled angiocardiography to de- 
lineate the size of the VSD and the right ven- 
tricular chamber. These patients are candidates 
for shunt procedures when the degree of 
cyanosis is such that marked fatigability or 
polycythemia occur. We generally prefer a 
Blalock-Taussig shunt. In patients more than a 
year old, the Glenn procedure often is done. It 
may, on occasion, be useful for the younger pa- 
tient who weighs approximately 8 kg or more. 
We prefer the Blalock-Taussig or Glenn proce- 
dure to the Waterston or Potts shunts because 
the latter have a higher incidence of pulmonary 
vascular disease and can limit the chances of 
employing a Fontan procedure later. In patients 
with a left aortic arch, an arterioplasty and an 
ipsilateral Blalock-Taussig shunt may be desir- 
able because this saves the right side for a 
Glenn procedure later [26]. 

A smaller number of patients with tricuspid 
atresia are seen with symptoms of congestive 
heart failure when they are 1 to 2 months old. 
These patients have a large VSD and no pulmo- 
nary stenosis. In general, they are treated medi- 
cally, although on occasion, pulmonary artery 
banding is required. Normally in these pa- 
tients, the VSD becomes smaller with time; 
therefore, pulmonary artery banding is used 
only in those patients in whom exhaustive 
medical treatment has failed. 

Balloon atrial septostomy occasionally is per- 
formed in patients with tricuspid atresia in 
order to provide an adequate-sized atrial defect 
for combined pulmonary and systemic flow. In 
general, the defect is reasonably large initially, 
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but any increase in its size can be useful if there 
are signs of systemic venous obstruction. There 
is a theoretical advantage to having some gra- 
dient across the defect, however, since this 
situation should lead to a more hypertrophied 
right atrium, which is advantageous for the 
Fontan procedure. 


Aortic Stenosis 

Infants with aortic stenosis who are seen with 
symptoms of congestive heart failure are ex- 
tremely difficult to manage. They are begun on 
a regimen of anticongestive therapy, and car- 
diac catheterization is carried out. In most pa- 
tients, the catheter can be passed across a pa- 
tent foramen ovale into the left ventricle. 
Left ventricular cineangiocardiography is per- 
formed after simultaneous pressure measure- 
ments have been obtained in the left ven- 
tricle and systemically. If there is associated 
coarctation of the aorta, systemic pressure has 
to be obtained from the right arm. In general, 
this can be done with a Doppler indirect mea- 
surement with the proper sized cuff on the right 
arm. Left ventricular cineangiocardiography 
usually reveals an aortic valve that moves very 
poorly and a left ventricle with a diminished 
ejection fraction. The patients may have a 
left-to-right shunt at the atrial level with 
marked right ventricular dilatation and hyper- 
tension. A number of patients have a small left 
ventricle, which, when it is less than 50% of 
normal, probably is not able to pump systemic 
output. Such patients frequently are dependent 
on a right-to-left shunting patent ductus for 
adequate systemic blood supply. 

Operation is indicated in infants with aortic 
stenosis who have symptoms of heart failure. 
Unfortunately, the valves are frequently quite 
abnormal, and results are generally unfavorable 
[25]. Keane and associates [24] reported the best 
results, with a mortality of 3696. Operation, 
however, appears to be the only means to re- 
lieve the pressure overload on the left ventricle 
and to provide some chance for normal growth 
and activity. How much of the abnormality of 
left ventricular pump function is due to the al- 
tered afterload and how much is due to abnor- 
mal ventricular muscle is uncertain until post- 
operative studies are done. A number of infants 


show notable decrease in heart size and im- 
provement in clinical signs of heart failure fol- 
lowing valvotomy despite a very poor preoper- 
ative ejection fraction of less than 0.25. Thus a 
low ejection fraction is not a contraindication 
to valvotomy. 


Complete Atrioventricular Canal 

These patients usually are seen with severe 
congestive heart failure during the first few 
months of life. Echocardiography is virtually 
diagnostic in patients with a complete AV 
canal. At present, cardiac catheterization is car- 
ried out to determine the degree of left-to-right 
shunting and to estimate pulmonary vascular 
resistance. Left ventricular cineangiocardiog- 
raphy is performed in the anteroposterior 
and lateral views to detect the characteristic 
gooseneck deformity of the left ventricular out- 
flow tract and try to detect the degree and se- 
verity of mitral regurgitation. Right and left 
ventricular volume measurements are useful in 
finding the very rare patient with a small right 
or left ventricle who may not be a candidate 
for repair [3, 7, 11, 22, 39]. Patients with 
Down's syndrome have a high incidence of pa- 
tent ductus associated with an AV canal, and 
this diagnosis should be either substantiated or 
disproved at cardiac catheterization in all pa- 
tients. 

Fulmonary artery banding has not proved 
useful in most patients with AV canal. We per- 
form primary repair in infants with this defect 
and have been pleased with the results. Repair 
is performed when congestive heart failure is 
refractory to medical management, regardless 
of age or size. Patients who do not have refrac- 
tory heart failure generally require operation 
within the first year of life because of the de- 
gree of pulmonary artery hypertension, and the 
risk of pulmonary vascular resistance changes if 
the lesion is allowed to go without intervention 
much beyond a year of age. 

Patients with partial AV canal usually do not 
require operation in the first year of life. Those 
who have severe mitral regurgitation, however, 
can have refractory heart failure and require 
operation. If severe mitral regurgitation con- 
tinues postoperatively, little has proved suc- 
cessful to date for long-term management. Mi- 
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tral valve replacement is difficult, and we can 
only hope that the number of patients with this 
lesion who have marked mitral regurgitation 
postoperatively will remain small. 


Truncus Arteriosus 
Patients with truncus arteriosus generally are 
seen with congestive heart failure by the time 
they are a few weeks to a month old. Diagnosis 
is usually suspected by the bounding periph- 
eral pulses, excessive precordial activity, and 
mild cyanosis. Echocardiography shows over- 
riding of the aorta, absence of a pulmonary 
valve, and an enlarged left atrium and ventricle. 
After treatment for congestive heart failure, 
catheterization is carried out and an aortogram 
usually is necessary to delineate the origin of 
the pulmonary arteries. This may be possible 
by passing a venous catheter out the aorta. If 
this maneuver is unsuccessful, retrograde aor- 
tography can be performed with a 3.6F catheter 
(Fig 11), which gives a low incidence of compli- 
cations of arterial puncture in infants. A ven- 
triculogram is useful to be sure that there is 
only the usual high, single, large VSD. 

These patients usually have severe conges- 
tive heart failure and do not respond well to 


Fig 11. Retrograde aortogram in a 2-week-old infant 
with truncus arteriosus type I. 





medical management. In general, repair is done 
when the patients become refractory to medical 
management, which in many is before the age 
of 3 months. The promising results of Stanger 
and co-workers [37] indicate the feasibility of 
this procedure, and it is hoped that it will pro- 
vide improved management for these very dif- 
ficult patients. 


Single or Common Ventricle 

Single ventricle is used here to refer to all pa- 
tients with both mitral and tricuspid valves 
entering a single ventricular chamber with no 
ventricular septum. The majority of patients 
have an outlet chamber and transposed great 
arteries. 

Patients without pulmonary stenosis are seen 
in heart failure in the first few weeks to months 
of life. With the use of biplane cineangiocar- 
diography, differentiation from a large VSD is 
not difficult in most patients; oblique views 
may be necessary for this distinction. 

Pulmonary artery banding is the treatment of 
choice for refractory heart failure, and many 
patients have an excellent result. 

Patients with pulmonary stenosis generally 
require operation when polycythemia is severe 
(hematocrit, greater than or equal to 60%), 
resting systemic oxygen saturation is low (less 
than or equal to 60%), or excessive fatigability 
is present secondary to decreased pulmonary 
flow. The Blalock-Taussig shunt is recom- 
mended. Echocardiography and cardiac cath- 
eterization should be aimed at determining 
whether there is any possible obstruction to 
pulmonary venous return, such as mitral 
stenosis, cor triatriatum, or anomalous pulmo- 
nary venous return as is common in patients 
with asplenia syndrome. Any partial obstruc- 
tion to pulmonary venous return can lead to the 
rapid onset of pulmonary edema after a shunt 
procedure if it is not dealt with at the time of 
operation. 

The long-term outlook for these patients re- 
mains unclear. Patients with adequate but not 
excessive pulmonary blood flow can lead nor- 
mal lives and enjoy normal levels of activity. 
The role of septation procedures versus pallia- 
tive operations (shunts) for the older patient 
has yet to be determined. 
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Comment 

In this overview of critical congenital heart dis- 
ease in infancy, we have attempted to indicate 
major areas of importance in regard to preoper- 
ative diagnosis and management. We did not 
focus on two-dimensional echocardiography 
because of its limited availability for infants in 
many centers. In the future, this modality will 
become increasingly useful and part of routine 
preoperative evaluation, particularly in com- 
plex problems. It continues to be obvious to us 
that complete preoperative diagnosis from both 
an anatomical as well as a physiological 
standpoint is mandatory in an attempt to op- 
timize operative therapy. A close working re- 
lationship between surgeon and cardiologist, 
an anesthesiology and intensive care unit team 
geared for the infant, full ancillary pediatric 
subspecialty backup, and high-speed biplane 
cineangiocardiographic units are the initial in- 
gredients for providing adequate care for the 
critically ill infant with congenital heart dis- 
ease. 
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REVIEW OF RECENT BOOKS 


Pulmonary Medicine 

Edited by Clarence A. Guenter, M.D., 

and Martin H. Welch, M.D. 

Philadelphia, J. B. Lippincott Company, 1977 
828 pp, $49.50 


Reviewed by Paul A. Thomas, M.D. 


This book is a well-written, extensively documented, 
complete treatise on the subject of pulmonary medi- 
cine. The eight additional, contributing authors are 
all authorities in their field, and the volume will 
serve as a reference text for many years before the 
information compiled becomes outdated. The 14 
chapters are divided into two parts, the first section 
emphasizing function and the second section, the 
more voluminous, illness. Each chapter could be an 
independent monograph on its particular subject and 
is complete with liberal citations to the current avail- 
able literature. The first chapter titled "The Respi- 
ratory Environment" is an unusual, intereresting, 
well-organized introduction to the text and is based 
on material not often considered by clinicians but 
that is directly relevant. The presentation of the con- 
sequences of atmospheric variations and inspired air 
contaminants in the physiological economy of 
human subjects is thoughtfully prepared and pro- 
vocatively written. The explanations are clear, pre- 
cise, and consistent with data considered by the au- 
thors. 

The orientation of the second part of the book is 
toward nonsurgical considerations. The selection of 
contributors accounts for the absence of material de- 
scribing diagnosis, pathophysiology, or manage- 
ment of penetrating or perforating chest injuries. 
This does not detract from the primary purpose of the 
book, however. The section concerned with blunt 
chest trauma is sketchy compared with the depth of 
other subjects. The chapter on chest wall deformities 
provides guidance regarding manifestations and 
significance of pectus excavatum but does not men- 
tion pectus carinatum. In addition, the reconstruc- 
tive consequence of surgical removal of large seg- 
ments of the bony thorax are not discussed. The 
logical conclusion is that a surgically oriented con- 
tributor would have added depth and completeness 
to some areas of text, thereby strengthening the en- 
tire volume. 

The book is thoughtfully organized, commendably 
complete, liberally documented, and inclusive. It 
should serve as a ready reference to factual material 
and a bibliographical source for those interested in 
pulmonary medicine at all levels of professional 
sophistication. 


Chicago, IL 
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Operative Surgery: Fundamental International 
Techniques/Vascular Surgery (3rd ed) 

Edited by Charles Rob and Rodney Smith 

London, Butterworth, 1976 

354 pv, illustrated, $49.95 


Reviewed by J. Manly Stallworth, M.D. 


This volume of the third edition of Operative Surgery: 
Fundamental International Techniques is devoted to 
vascular surgery only. The contents are divided into 
sections pertaining to arterial and venous surgery as 
well as surgery of the lymphatic and sympathetic 
systems. The last section describes surgical ap- 
proaches to vascular-related problems. In the intro- 
duction, a brief history of the development of vascu- 
lar surgery is superbly done. 

More than half of the volume deals with arterial 
problems. There are excellent discussions on major 
vessel exposure, the mechanics of arterial suture re- 
pair, arteriography, and surgical management of the 
principal arterial disorders. In most instances, for 
example, the aortoiliac reconstruction procedure, 
variations in operative approaches and techniques 
are well explained and well illustrated. The sections 
on aneurysms and vascular injuries can serve most 
admirably for quick reference in the emergency situ- 
ation. The descriptions and treatment of popliteal 
artery entrapment syndrome are particularly timely, 
concise, and done most adequately. 

The operative procedures mentioned for varicose 
vein disorders are fairly routine universally; how- 
ever, the detailed, lengthy dissertation on injection 
treatments appears out of keeping with the remain- 
der of the text. Fulguration, in combination with 
stripping and limited vein resection, is not men- 
tioned. 

The chapters devoted to venous thrombectomy 
and bypass procedures review the problems and 
management quite completely. Complete and partial 
venous interruptions to prevent pulmonary emboli 
are well presented. The discussion on the sympathe- 
tic nerves, while extremely well done, fills thirty 
pages with technical details, some of which could 
have been deleted for brevity. The vascular-related 
problems, such as thoracic outlet syndrome, cervical 
rib, carotid body tumors, operation for hemodialy- 
sis, and chemotherapy, are well documented and 
generously illustrated. 

In essence, this text should be available for de- 
tailed study by all trainees in vascular surgery and for 
quick reference by the trained surgeon who antici- 
pates possible unusual problems in his vascular 
practice. 


Charleston, SC 
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The Treatment of Acute Myocardial Ischemia: An 
Integrated Medical/Surgical Approach 

Edited by Lawrence H. Cohn, M.D. 

Mount Kisco, NY, Futura Publishing Co, 1979 

230 pp, $23.00 


Reviewed by Joe R. Utley, M.D. 


The care of patients with acute myocardial ischemia 
requires a team of cardiologists and surgeons with a 
thorough understanding of the mechanisms, pathol- 
ogy, and pathophysiology of ischemia as well as the 
relative merits of various medical and surgical inter- 
ventions. A complete understanding of the impor- 
tance of timing of surgical interventions in acute 
myocardial ischemia is also vital. This book presents 
the integrated approach recommended by an experi- 
enced group of cardiologists and surgeons at the 
Peter Bent Brigham Hospital, Boston, MA. The book 
is valuable to medical students as a reference for in- 
depth study, and it offers a very comprehensive 
overview for medical and surgical residents, cardiol- 
ogy and cardiothoracic surgery fellows as well as 
general practitioners and internists. The practicing 
cardiologist and cardiac surgeon would find the in- 
formation useful for updating general concepts and 
techniques. 

The chapter on pathology includes a review of 
ultrastructural and biochemical changes and of the 
gross myocardial disruptions that may follow infarc- 
tion. Assessment and modification of infarct size are 
emphasized in the chapter on pathophysiology. 

The techniques of cardiopulmonary bypass and 
the advantages of hypothermia and hemodilution are 
well presented. The general review of operative 
technique and myocardial preservation is an excel- 
lent overview; however, some trade-offs and alter- 
natives of surgical technique and myocardial preser- 
vation are not included. 

The authors present a comprehensive, rational ap- 
proach to unstable angina pectoris. They emphasize 
that the response to medical management is a major 
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factor in the timing of surgical therapy and stress the 
necessity of ruling out myocardial infarction in un- 
stable angina. The important distinction between 
natural history studies done before angiography and 
those done after angiography is clearly presented. The 
authors discuss the different therapeutic approaches 
and indications for operation in patients who are 
controlled medically compared with those who are 
not. 

The medical therapy of myocardial infarction is re- 
viewed in detail. The increased risk of myocardial 
revascularization in the presence of acute infarction 
and its relation to reperfusion injury is discussed. 
The authors detail the alternative and combined use 
of medical therapy, intraaortic balloon counterpulsa- 
tion, and surgical therapy in the treatment of left 
ventricular power failure, ventricular septal defect, 
mitral regurgitation, and ventricular aneurysm. 

The chapter on arrhythmia includes the medical 
and surgical treatment of supraventricular and ven- 
tricular arrhythmias. The section on the role of myo- 
cardial revascularization, myocardial resection, and 
mapping in the treatment of ventricular arrhyth- 
mias constitutes a current review of a complex and 
changing subject. 

The discussion concerning surgical management of 
mechanical complications of myocardial infarction 
includes operation early and late after acute infarc- 
tion. The high risk of papillary muscle and ventricu- 
lar septal rupture early after acute infarction is em- 
phasized. The best surgical results are obtained in 
patients operated on weeks or months after infarc- 
tion, but the risk of death during this waiting period 
is high in patients with mechanical complications. 

Perhaps the most unique quality of this book is 
that it presents the integrated approach of an experi- 
enced, scholarly group of clinical scientists to some 
difficult clinical problems. It is to be hoped that fu- 
ture editions will be forthcoming to keep us abreast 
of the many rapid changes in this field. 


San Diego, CA 


1980 Meeting 


The Society of Thoracic Surgeons 


The Sixteenth Annual Meeting of the Society of 
Thoracic Surgeons was held at the Atlanta Hil- 
ton Hotel, Atlanta, GA, January 21-23, 1980, 
with a total of 1,985 registrants including 
spouses and exhibitors. The Scientific Sessions 
were attended by 655 members and 294 guests, 
including 99 residents. The Fourteenth Annual 
Postgraduate Course, under the very capable 
leadership of Dr. Martin McKneally, was held on 
January 20 and was attended by 701 physicians 
and paraprofessionals. For the first time, paral- 
lel sessions were used to discuss cardiac and 
noncardiac thoracic subjects simultaneously. 
The response of the attendees regarding the de- 
sirability of parallel sessions was monitored 
and will be evaluated to aid in future program 
planning. 

Overall, the meeting was quite successful, 
due in large part to the efforts of Dr. L. Penfield 
Faber, Chairman, and other members of the 
Program Committee. Atlanta has long been 
noted for its warm hospitality, and its reputa- 
tion remains untarnished in its attitude to- 
ward members of our Society. Dr. Charles R. 
Hatcher, Jr., headed the Local Arrangements 
Committee. Both the chairman and the com- 
mittee were consistently helpful. Mrs. Ellis 
Jones was in charge of arranging activities for 
the ladies. These activities drew much favor- 
able comment. They, Walter Purcell, and the 
staff of Smith, Bucklin deserve a great deal of 
credit for the success of the meeting. 

The Presidential Address given by Dr. Paul 
C. Adkins and entitled "Accentuating the 
Positive" provided a lucid overview of how our 
Society relates to government and other organi- 
zations in almost all of its interactions. The So- 
ciety's role in meeting challenges of manpower 
demands, continuing education, and other 
areas was defined clearly. 

At the Annual Business Meeting the follow- 
ing officers were elected: Jay L. Ankeney, Presi- 
dent; Anthony R. C. Dobell, Vice President; W. 
Gerald Rainer, Secretary; Benson R. Wilcox, 
Ireasurer; and Robert G. Ellison, Historian. 
Maurice Adam was elected to the Council as 
Councillor at Large. Herbert Sloan continues 
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his term as Editor, The Annals of Thoracic Surgery. 

A constitutional amendment revising the 
tenure of office of the Editor was passed. Two 
new proposed revisions to the Constitution and 
Bylaws were discussed, one regarding the cre- 
ation of an inactive member status and the 
other, the formation of an Executive Com- 
mittee. Further information on these two pro- 
posals will be circulated in newsletters to mem- 
bers before being brought to a vote at the 
next Annual Meeting. 

In addition, considerable open discussion 
was devoted to the subject of recertification. By 
a vote of 160 to 122, those members attending 
the business meeting elected to communicate a 
lack of support for mandatory recertification to 
the American Board of Thoracic Surgery, which 
currently has the authority to make the final de- 
cision on and to implement the requirements 
for recertification. 

One hundred ten new members were elected, 
increasing the total membership to 1,921. A 
roster of the new members, headed by a listing 
of officers, committees, and Society represen- 
tatives for 1980-1981 appears on pages 292-296 
of this issue. The last complete membership 
roster was published in Volume 25 of The An- 
nals (March, 1978, pp 275-288). 

The Committees on Government Relations 
and on Standards and Ethics remained ex- 
tremely active in representing the Society's 
membership in areas of current concern. 

The Society extends its deep appreciation to 
those members retiring from committee ac- 
tivities. It owes a particularly large debt of grat- 
itude to Dr. Harold C. Urschel, Jr., who com- 
pleted five years in the office of Treasurer. An 
appropriate gift of appreciation was given to 
Dr. Urschel by the Society President at the An- 
nual Business Meeting. 

The Seventeenth Annual Meeting will be 
held January 26-28, 1981, in Los Angeles, CA. 
George G. Lindesmith will serve as Chairman 
of the Committee on Local Arrangements. 


W. Gerald Rainer, M.D. 
Secretary 
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ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
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per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times the number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, to: Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 
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Able, well-trained cardiovascular and thoracic surgeon, 32, 
seeks position. ABS certified, completing ABTS-approved 
program at major university center with very active clinical 
service. Available July, 1980. All situations and locations 
considered. 


Please respond to W-212, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 

up RUM a pa acpEica 
Cardiovascular and thoracic surgeon, mid 40s, extensive 
experience in cardiac, thoracic, and peripheral vascular sur- 
gery, presently member of established group, wishes to re- 
locate, preferably in new or developing program. ABS, 
ABTS. 


Please respond to W-215, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
M 
Cardiovascular and thoracic surgeon completing university 
training program in Boston, June, 1980, seeks faculty posi- 
tion or association with private group. Well trained in all 
facets of adult and pediatric cardiothoracic surgery. ABS, 
ABTS eligible, FLEX certified. Curriculum vitae and bibli- 
ography available upon request. 


Please respond to W-216, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
MEME 1L 
Cardiovascular and thoracic surgeon, 33, 11/2 years of pri- 
vate group practice, experienced in adult cardiac, thoracic, 
and peripheral vascular surgery, desires to relocate. No geo- 
graphical preference. FLEX, ABS, ABTS certified. Avail- 
able immediately. 


Please respond to W-217, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
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een 
Cardiac surgeon with intense experience in open-heart sur- 
gery in infants and children and adult cardiac cases desired 
to join geographic full-time program with established 
university-affiliated cardiac surgical program. 


Send curriculum vitae with letters of reference to Norman B. 
Thomson, Jr., M.D., Director of Cardio Thoracic Surgery, 
St. Francis Hospital, Port Washington Blvd, Roslyn, NY 
11576. 
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Thoracic and cardiovascular surgeon wanted. Must be 
Board-certified in general surgery, Board-eligible or cer- 
tified in thoracic surgery. 


Please respond to A-158, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Associate sought in private practice limited to thoracic, pe- 
ripheral vascular, and pacemaker surgery. Metropolitan 
area on East Coast. ABTS certified or candidate. 


Please respond to Marvin L. Kolkin, M.D., P.A., 1015 
Spring St, Silver Spring, MD 20910; tel: (301) 588-1080. 
BB ANM NE CMM EMEN ig Se 
Thoracic and cardiovascular surgeon wanted for rapidly 
growing cardiac surgery program in Midwest. Adult car- 
diac, general thoracic, and vascular surgery. Applicant must 
be ABTS eligible or certified. Salary first year; then full 
partnership. 


Send curriculum vitae to A-161, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 
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Expanding, central Connecticut, multispecialty clinic seeks 
thoracic-vascular surgeon, Board certified or eligible. 


Please send curriculum vitae to A-162, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 
i MMMM 1 
Fellowship in pediatric cardiovascular and thoracic sur- 
gery. One-year program beginning July 1, 1980, includes 
emergency newborn surgery as well as elective closed and 
open cardiac surgical procedures. 


Please respond with curriculum vitae to A-163, The Annals 
of Thoracic Surgery, C-7079 University Hospital, Ann 
Arbor, MI 48109. 
on i  ——— 
Fellowship in thoracic and cardiovascular surgery available 
1980. 


Contact Drs. Urschel and Razzuk, Baylor University Medi- 
cal Center, 3500 Gaston Ave, Dallas, TX 75246; tel: (214) 
824-2503. 

e ŘŘ—_ 
Thoracic and cardiovascular surgeon wanted to join surgery 
section in busy multispecialty clinic. Midwestern univer- 
sity city. Board eligibility or certification required. Excellent 
opportunity for young, enthusiastic surgeon. 


Please respond to A-166, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
ne 
Full-time academic position in cardiothoracic surgery 
available at assistant professor level. Clinical competence 
and demonstrated interest in research and education es- 
sential. Attractive terms. 


Please respond to A-167, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
E mmmmmmmmmmmmmmmmmmmmmlħăű 
Established thoracic, peripheral vascular surgeon seeking 
associate. No cardiac surgery. Located in northeastern 
Ohio. Corporate benefits, excellent future, available imme- 
diately. Board eligibility required. 


Please respond to A-168, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
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Something new has been added to 

7 both the Bentley Q-220 and Q-220F 
Expanded Volume Cardiotomy Reservoirs. A unique parallel blood inlet 
housing, triangular in shape, now channels the incoming blood into a 
single stream which allows it to move smoothly and gently into the 
defoaming chamber; assuring an even, consistent blood flow throughout 
the reservoir. Possible blood trauma is reduced and the amount of viable 
blood elements returned to the extracorporeal circuit is maximized. 


Now, these widely used reservoirs are even more effective and Bentleys 
objective of optimal physiologic operation at maximum patient safety has 
been achieved. For additional information concerning Bentley Disposable 
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BENTLEY LABORATORIES, INC. 17502 Armstrong Avenue - Irvine, CA 92714 
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Medtronic leads the way - 
to man’s heart with an amazing 
family of new pacing products 
including Spectraflex leads. 


Spectraflex...a series of new transvenous, 
tined, urethane, ventricular leads from 
Medtronic...part of the sophisticated new 
Spectrax™ product family for a broad variety 
of applications in pacing therapy. Spectraflex 
leads are amazingly thin. Choose from dif- 
ferent stylets for the degree of flexibility you 
prefer. 

Spectraflex leads are compatible with all 
Spectrax pacemakers including the Spec- 
trax-VL and the Spectrax-SX. Spectrax-VL is 
a small, simple, demand pacemaker for longer 
service life. Spectrax-SX is the smallest, most 
versatile programmable pacemaker yet for 
precise noninvasive adjustment of rate, pulse 
width, sensitivity, refractory period, hys- 
teresis, pulse amplitude and pacing modes. 
Both pacemakers have the Medtronic Pacing 
for Life™ warranty. 

The Spectrax family provides for precise 
management of a wide variety of conditions. 
This extensive versatility can make possible a 
more comfortable, normally active life for 
many patients. 
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Medtronic^ Implantable Pulse Generators 


Intended Uses—Ventricular pacing using an implantable 
ventricular pulse generator and lead system are for long- 
term therapeutic control of heart rate in patients with im- 
pulse formation or conduction disorders leading to bradyar- 
rhythmias, tachyarrhythmias and heart block (see product 
labeling for detailed list of intended uses). An atrial pulse 
generator is for long-term therapeutic control of heart rate in 
patients with impulse formation disorders but with intact, 
functioning A-V conduction systems. 


Contraindications—There are no known contraindications 
to the use of pacing as a therapeutic modality for the control 
of heart rate in patients with normal conduction systems. In 
certain patients with anomalies of the conduction system 
(WPW syndrome and related conditions), patients may be 
benefited or harmed by cardiac pacing. Therefore, elec- 
trophysiologic studies are required prior to therapeutic ap- 
plication of pacing. In addition, the patient's age and medi- 
cal condition may dictate the particular pacing system and 
implantation procedure used by the physician. 


Warnings—Diathermy should not be used on patients with 
pacemakers because of possible heat damage to elec- 
tronic components. Electrosurgical units should never be 
used in the vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar mode because 
of danger of introducing fibrillatory currents into the heart 
via the implanted pulse generator/lead. Pulse generators 
may be damaged by defibrillatory discharges if the paddles 
are placed over the implanted pulse generator. (See prod- 
uct labeling for a complete list of warnings and precau- 
tions.) 


Precautions—The physician should be aware that all pulse 
generators will ultimately cease to function due to cell de- 
pletion and may fail at any time due to random component 
or battery failures which cannot be predicted prior to failure. 
Also, that the pacing system may cease to function at any 
time due to lead-related problems such as displacement, 
fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be 
affected by electrical interference from certain electrical 
equipment. 

Side Effects —Body rejection phenomena, including local 
tissue reaction, muscle and nerve stimulation, infection, 
erosion of pulse generator/lead through skin, transvenous 
lead-related thrombosis, embolism and cardiac tam- 
ponade. 
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noninvasively programming the Medtronic® pulse 
generators listed in their respective technical manuals. The 
programmers may also be used to measure the rate and 
pulse width of implanted pacemakers. 

There are no known contraindications or major poten- 
tial complications associated with use of the programmer. 
However, these devices should not be used without prior 
study of the technical manual supplied with each pro- 
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gramming the Medtronic® pulse generators designated in 
the respective technical manuals. Direct stimulation by 
energy coupling may occur if the programmers are used on 
other implanted devices. The programmers are not compat- 
ible with pulse generators of other manufacturers. See 
product labeling for a complete list of warnings and precau- 
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Presented here is the most current 
bibliography of papers concerning the 
use, and effectiveness, of GORE-TEX 
vascular grafts. 

We are pleased with the number 
of surgeons who have chosen to work 
with, and report on, GORE-TEX 
grafts. The papers listed here represent 
the independent findings of respected 
surgeons, none of whom are connected 
with Gore. 

We are particularly pleased that 
the most recent papers are at least as 
positive in their findings as the early 
ones. And that reported patency rates 
continue tohold firm, even as the 
rate of use increases. 

We still believe that prudence 
and experience indicate the saphenous 
vein as the graft of choice, whenever 
it is available, in good condition, and 
when its removal would not increase 
surgical risk. But the more data we 
accumulate, the more certain we 
become that the GORE-TEX graft is the 
next-best alternative to autografts. 

We wish we had a more substan- 
tial body of long-term clinical data 
(five years follow-up and beyond) to 
offer you as proof. But that is simply 
a matter of time and circumstance. 
Our longest-term patients are just now 
reaching the five-year mark; others 
will soon follow. As our clinical data 
is updated, we'll continue to publish 
the results, so that you can stay in- 
formed of long-term patency. 
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Company, St. Louis, Missouri. 
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LJ Please send me your GORE-TEX 


vascular graft test kit. 


[L] Please send me the reprints whose 
numbers I have checked. 


| O Please send me additional reprints 


as they are published. 


LJ Please have your representative call 


for an appointment. 
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urgical Specialty 


GORE-TEX” 
vascular grafts, 
in brief. 


GORE-TEX vascular grafts are 
made of expanded, low density 
polytetrafluoroethylene (PTFE), rein- 
forced by a strong, fine lattice of 
the same material wound about the 
exterior. 

GORE-TEX vascular grafts 
are easy to handle and kink-resistant. 
They exhibit high suture-holding 
power. And they are, of course, fully 
biocompatible. Unlike knitted or 
woven prostheses, they do not require 
pre-clotting. 

GORE-TEX vascular grafts are 
available in a wide range of diameters, 
up to 22mm. 


Instructions 
for use. 


Opening the Package: 

Place one hand on the PVC blister tray 

and peel back the cover with the other hand. 
Remove the GORE-TEX graft from the tray 
using clean gloves or forceps. 


To Sterilize: 

Grafts may be sterilized using steam or gas 
techniques. Remove the graft from the PVC 
blister tray and repackage it for sterilization. 
Take care not to place the graft under heavy 
or sharp objects during sterilization which 
might crush the graft. Insure that you do not 
attempt to sterilize the label attached to the 
PVC blister tray with the graft, as the ma- 
terials on the label (inks and adhesives) may 
contaminate any objects in contact with the 
label during the sterilization cycle. 

Using a gravity displacement steam steri- 
lizer, autoclave at or above these minimum 
requirements: 270°F (132°C) for 15 minutes 
at 30 psi. Grafts must never be exposed to 
temperatures greater than 482°F (250°C). 
Using a pre-vacuum steam sterilizer, auto- 
clave at or above these minimum require- 
ments: 270°F (132°C) for 4 minutes at 30 psi. 
Grafts should never be exposed to tempera- 
tures greater than 482°F (250°C). 

Using gas, sterilize according to equipment 
instructions. 

Do not sterilize this graft by radiation tech- 
niques. 

The GORE-TEX graft may be sterilized many 
times without compromising its mechanical 
or structural integrity. If the graft is handled 
gently, with gloved hands or clean instru- 
ments and without undue manipulation, 
unused portions of the graft may be sterilized 
as often as necessary. Do not attempt to 
re-sterilize any unused graft portion that has 
been contaminated with blood or any foreign 
material. 


Instructions: 

1. Use a 5-0 or 6-0 non-absorbable suture 
with a cardiovascular needle for best results 
on graft diameters of 6mm or less. Larger 
sutures may be used with larger diameter 
grafts. Use only non-absorbable sutures. 


2. Intra-operative inspection of anastomoses 
using irrigant solutions may result in serum 
leakage when blood flow is established in 
the graft. To prevent this, care must be taken 
not to generate syringe pressures sufficient 

to force irrigant through the graft walls. To do 
so will alter the hydrophobic (non-wetting) 
properties of GORE-TEX grafts. 

3. Trim grafts to desired length using sharp 
surgical instruments. Grafts should be han- 
dled with clean forceps or gloves. GORE-TEX 
grafts are not "elastic Therefore, proper 
matching of lengths is essential. If the graft 
is cut too short, excessive stress may be 
placed on the sutures, vessel, or graft at the 
anastomosis. 

4. Bleeding from suture holes may be mini- 
mized by using as small a suture needle as 
possible; and by following the curve of the 


Should the outer reinforcing layer become 
frayed at the end of the graft, do not pull 

on or peel the outer layer from the base tube. 
Carefully trim off the portion of the graft 
where the outer layer is frayed. 


3. Do not allow the graft to become wetted. 
The normally hydrophobic GORE-TEX Vas- 
cular Graft can be wet with organic solvents 
such as alcohol or Betadine”; by excessive 
manipulation of the graft with blood prior to 
bringing it through the tunnel; or by for- 
cing irrigating solutions through the wall. 
Wetting prior to establishing blood flow 
may create a condition which could allow 
persistent plasma leakage. 

4. Do not puncture the graft repeatedly at 
the same site, or within the same immediate 
area. (See Instruction #4.) 


Please Note: 

Our animal data does not support the use 

of this graft in aorta-coronary bypass applica- 
tions. We have insufficient clinical data on 
which to base any conclusions regarding 

this application. We 
also have insuffi- 









needle through the graft wall. Topical cient data on which 
thrombin solution may be applied to the to recommend 
suture line in conjunction with Surgicel* or its use as patch 
Oxicel* soaked in thrombin to aid in mini- material. 


mizing anastomotic bleeding. 

5. Ensure, when using this graft in blood 
access applications or where repeated 
needle punctures of the graft are nec- 
essary, that needle puncture sites 

are spaced apart along the accessible 
subcutaneous length of the graft. 
Repeated needle puncture of the 
graft at the same site, or within 
the same immediate area, 
may cause mechanical 
damage to the graft 


which could lead to hematoma, false 
aneurysm or true aneurysm. Patients should 
be carefully monitored to assure that this 
instruction is followed. 

Precautions: 

1. Do not pre-clot the graft. 




















2. Do not cut the graft while holding under | a i 
excessive tension. Doing so may cause separa- / fi 
tion of the outer layer. The GORE-TEX graft f 















base tube and a thin outer layer which 
reinforces the base tube to prevent aneurys- 
mal dilation. Do not use any portion of a 
GORE-TEX graft which has damage to, or 
separation of, the outer layer of the graft. 


a: 


*Surgicel is a registered trademark of Surgikos 
Johnson/Johnson 

*O xycel is a registered trademark of Parke-Davis, Ine. . 

*Betadine is a registered trademark of 5 
Purdue Frederick Co., Norwalk 

®GORE-TEX is a registered Trademark 


of W. L. Gore Associates. 
®1acn WM I 
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ANNOUNCEMENT 


Messages from the Editor 


Editorial Board Changes 

The Annals of Thoracic Surgery is pleased to an- 
nounce the addition of four new members to its 
Editorial Board: 


Nicholas T. Kouchoukos, M.D., Professor of 
Surgery, Division of Cardiovascular and Tho- 
racic Surgery, Department of Surgery, Univer- 
sity of Alabama in Birmingham, Birming- 
ham, AL 


Martin F. McKneally, M.D., Ph.D., Associate 
Professor, Division of Cardiothoracic Surgery, 
Department of Surgery, Albany Medical Col- 
lege, Albany, NY 


Hassan Najafi, M.D., Professor and Chair- 
man, Department of Cardiovascular-Thoracic 
Surgery, Rush-Presbyterian-St. Luke’s Medical 
Center, Chicago, IL 


Andrew S. Wechsler, M.D., Associate Profes- 
sor of General and Thoracic Surgery, Assistant 
Professor of Physiology and Pharmacology, 
Duke University Medical Center, and Chief, 
Cardiac Surgical Service, Veterans Administra- 
tion Medical Center, Durham, NC | 


At the same time, W. Gerald Austen, M.D., 
Johann L. Ehrenhaft, M.D., and Robert G. 
Ellison, M.D., are retiring from the Editorial 
Board. These three physicians will receive cer- 
tificates of recognition from the Society of 
Thoracic Surgeons for their many years of ex- 
cellent and valuable service. 


Classics in Thoracic Surgery 

With this issue, The Annals of Thoracic Surgery 
is pleased to introduce a new section entitled 
"Classics in Thoracic Surgery." Its purpose is to 
provide historical background on some of the 
milestones in our specialty. Each classic will 
contain commentary by physicians originally 
involved in a pioneering procedure or by con- 
temporary authorities on the subject, repro- 
duction of title pages of famous articles, and 
other cogent illustrative material. 

As our initial classic in thoracic surgery we 
are honored to publish an essay by Prof. Dr. 
Rudolf Nissen, who performed the first suc- 
cessful total pneumonectomy in 1931. 


Herbert Sloan, M.D. 
Editor 

Marvin M. Kirsh, M.D. 
Associate Editor 


EDITORIALS 


Medical Device Regulation: 
Current and Future Trends 


Richard E. Clark, M.D. 


In this issue of The Annals (p 331), Dr. Kaganov 
draws a parallel between the known effects of 
regulation on the drug industry and the pro- 
jected effects of regulation on the future of 
medical devices. His prediction is that fewer 
new devices will be available because of the in- 
herent confining and restraining effects of gov- 
ernment regulation. Dr. Kaganov notes that too 
often the “doomsday” groups call much public 
attention to faults of drugs, devices, and doc- 
tors and do not put failures in the context of 
successes be they palliative or curative. He car- 
ries this theme further by observing that it is to 
the bureaucrats' political advantage to make a 
villain out of the private sector. 

Dr. Kaganov directs attention to the regu- 
lation-making process and its effects, not the 
law on which the regulatory effort is based. 
Not noted are the mechanisms of the regulation 
process or the individuals involved. In the Food 
and Drug Administration (FDA), one indi- 
vidual produces a draft proposal. Although a 
set of proposed regulations undergoes many 
reviews, it invariably carries a reflection of the 
prejudices of the writers toward the regulated. 

During more than three years of duty on a 
FDA Review Panel for medical devices, it be- 
came clear to me that the Bureau's personnel in 
the Medical Device Branch were, on an indi- 
vidual basis, well meaning and intense young 
people. Few agency physicians were heard or 
seen. For the most part, the young Bureau ad- 
ministrators had not been employed previously 
in the private sector for any extended period, 
and invariably had the attitudes of the young 
adult. They were inherently suspicious of pri- 
vate enterprise and somewhat crusading in 
their approach. Generally, as reason and 
knowledge ameliorated zeal and righteousness, 


From the Division of Cardiothoracic Surgery. Washington 
University School of Medicine, 4989 Barnes Hospital Plaza, 
Suite 3108 Queeny Tower, St. Louis, MO 63110. 


many left the Bureau to seek further challenge, 
usually in the private sector. 

Certain parallels between the drug and the 
device industries are justified. First, it is true 
that more of the industrial research and de- 
velopment dollar is going for regulatory mat- 
ters, money that could be spent for improved 
design, materials, or performance of medical 
devices. Second, the device manufacturer in the 
United States is going abroad for initial clinical 
trials because of the burdens placed on institu- 
tions and physicians in this country by the reg- 
ulatory mandates. The exponential growth of 
regulation has greatly increased the total de- 
velopment time and, most importantly, has 
markedly increased costs of new products. 

Dr. Kaganov also considers the proposed 
regulations for institutional review boards 
(IRB). These proposed regulations reflect the 
report of the National Commission on Protec- 
tion of Human Subjects, which recommended a 
complete overhaul of the IRB system and the 
creation of a new office in the Department of 
Health, Education, and Welfare (HEW) to 
monitor and control all IRBs through accredita- 
tion, audits, and punitive actions. The pro- 
posed regulations require a diversity of mem- 
bership of an institutional review board; 
specifically, it must include nonclinicians and 
nonscientists, i.e., lawyers, clergy, consumer 
representatives, social scientists, and psycholo- 
gists. The regulations provide for mandated 
inspections of the records of the IRBs to deter- 
mine the appropriateness of protection of pri- 
vacy rights of the individuals at risk in a clinical 
trial. In addition, the audit is to review the de- 
cisions of an IRB and verify the data on which 
the decisions were made. Proposed were legal 
punitive actions against a committee including 
suspension of medical license. It has been esti- 
mated that the cost for an IRB to conform to the 
various proposed regulations and carry out new 


` responsibilities will be $50,000 a year. 
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The FDA, acting under the aegis of Public 
Law 94-295, the Medical Device Act of 1976, is 
not the only regulatory agency involved in 
medical affairs. In the past few years, the fol- 
lowing agencies have proposed legislation af- 
fecting the medical community: the Office of 
Management and Budget (OMB), the Environ- 
mental Protection Agency (EPA), the Health 
Care Financing Administration (HCFA), the 
Office of Health Technology (OHT) of HEW, 
and the Federal Trade Commission (FTC). For 
example: 


1. In 1978, the OMB proposed that the Depart- 
ment of Commerce monitor and regulate 
voluntary standards emanating from the pri- 
vate sector. 

2. The FTC on September 20, 1978, proposed 
trade regulations that would highly regulate 
voluntary standard organizations and bring 
them under Federal control. 

3. The EPA proposed a ban on ethylene oxide 
as a sterilizing agent in hospitals. | 

4. The HCFA proposed on October 13, 1978, 
rules that would result in punitive actions to 
medical practitioners who furnished devices 
or services deemed "unnecessary" by the 
agency. 

5. Regulation of the medical communities' pur- 
chase and use of technology in patient care 
has been proposed by the OHT. 


The future for new medical devices does not 
appear bright. Each regulatory proposal must 
be met promptly with intelligent, strong coun- 
termeasures when the patient's best interests 
are not served by these proposals. 

The benetits of the Medical Device Act of 
1976 are few, and the liabilities to patients and 
the medical community are many. Probably 
the regulations will remove unsafe devices and 


muci but not all of the quackery from the mar- 
ketplace. Most likely the regulations will not in- 
creas2 the reliability of high-technology prod- 
ucts. There will be fewer new devices in the 
future because of markedly increased costs for 
deve opment and bureaucratic approval. De- 
vices currently available and all future devices 
will »e more expensive to patients, insurance 
carriers, and government. The availability of 
special order or custom-made devices for spe- 
cific patients will decrease. 

Tbe regulations proposed discourage clinical 
investigation because of the increased com- 
plexities and time required, and the risk im- 
posed on the investigational surgical prac- 
titioner. Surgeons will be required to notify all 
patients concerning a potential problem with a 
devize, and this may cause unnecessary anx- 
iety. The surgical practitioner in small institu- 
tions may not have use of investigational de- 
vices because of the restrictions imposed by the 
proposed regulations and the authority of the 
secretary of the FDA to limit the use of investi- 
gational devices to specific centers and sur- 
geons. 

The innovative small manufacturer who has 
procuced so many of the new-technology de- 
vices will be seen less often in the market-place 
beceuse of inability to meet the regulatory re- 
strictions with his limited capital and re- 
sources. The regulations proposed by the FTC 
wotld put voluntary standards and certification 
orgenizations under federal control. There will 
be z large increase in time and costs to institu- 
tions for the activities of IRBs. 

Importantly, these regulations will not im- 
proze the scientific data base or noticeably 
decrease the risk of high-technology devices. 
These regulations will put more lawyers to work 
at the expense of the clinician, his patients, and 
the American public. 


Specific Therapy for Arterial Air Embolism 


E. Converse Deirce, II, M.D. 


Now, for probably the first time, twenty-five 
years into the era of open-heart operations, we 
have an estimate of the incidence of major acci- 
dents of perfusion. "Air Embolism and Other 
Accidents Using Pump  Oxygenators" by 
Stoney and colleagues (this issue, p 336) is a 
unique and valuable contribution. It has been 
known that these accidents occur but to learn 
the high frequency, morbidity, and mortality is 
a sobering experience. Although the report of 
Stoney and co-workers is a retrospective study 
and the data are not optimally reliable, it is a 
major start of "truth" in open-heart operations, 
a promise of prospective studies that will 
provide firm guidance for specific preventive 
measures and treatment of life-threatening 
perfusion accidents. 

Arterial air embolism is probably relatively 
frequent during perfusion-supported heart op- 
erations [20]. It can occur at the onset of perfu- 
sion because bubbles generated during the 
priming procedure have not been purged [2]; 
it can develop during perfusion because of 
equipment failure or technical errors on the part 
of the perfusionist or surgeon (as reported by 
Stoney and associates); or it can be secondary to 
resumption of cardiac function while there is 
still some intracardiac air. According to Spencer 
[19], "itis extraordinarily difficult to remove all 
intracardiac air... ," though many means to 
accomplish this have been advocated [14, 15, 
18]. Injury to the heart [19], brain, and other 
less critical organs can result. Blood flow stops 
for a prolonged period in small vessels when 
there are gas bubbles, and the effect is in- 
creased by platelet interaction [24]. Capillary 
flow may not resume, perhaps because of en- 
dothelial edema, a circumstance that has been 
called the “no reflow phenomenon" [16]. Minor 
central nervous system injury often goes unre- 
corded, and most patients, even some with seri- 
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ous central nervous system damage, appear to 
recover [19]. Since the diagnosis of minor arte- 
rial gas embolism is difficult and many lesions 
seem self-limited, an attitude of fatalism and in- 
action has been fostered. Very little information 
is available in surgical texts and little is taught 
to perfusionists [17]. The data of Stoney and as- 
sociates that show the very significant fre- 
quency of major arterial gas embolism should 
lead to greatly increased interest in preventive 
measures. However, it is also important for 
surgeons to realize that gas embolism is poten- 
tially treatable in a highly specific manner with 
hyperbaria. Two case reports illustrate the re- 
sults of failure to treat gas embolism and the 
rewards of applying current knowledge. 

In the first instance, at the conclusion of a tri- 
ple coronary bypass under hypothermia to 32°C 
and while the patient was being weaned from 
the venous return, the technician was briefly 
distracted. The oxygenator reservoir emptied, 
and a major arterial embolism resulted. This 
was recognized immediately, and the arterial 
line was clamped and all gross air quickly was 
purged from the aorta. It was possible to restart 
the bypass in less than three minutes. Severe 
neurological damage was soon apparent, but no 
specific therapy was even considered. The pa- 
tient, who subsequently died, had had an im- 
portant career potential, and a malpractice suit 
was settled out of court for nearly one million 
dollars. This is thought to be only one of three 
concurrent legal actions involving brain dam- 
age after open-heart operation in the same city. 

In sharp contrast is the case reported by 
Kindwall [12] in 1973. The patient was to 
undergo a single coronary graft combined with 
repair of an atrial septal defect. Shortly after 
perfusion was begun, and before hypothermia 
was accomplished, the blood level in the reser- 
voir became too low and a massive arterial 
embolism occurred. Air was removed with dif- 
ficulty through an aortotomy while cardiac mas- 
sage was carried out. When the femoral artery 
was opened to insert a new arterial line, air and 
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froth came out. The electrocardiogram became 
flat, and the patient's pupils were fixed and di- 
lated. It was twenty-two minutes before perfu- 
sion could be reestablished and hypothermia 
(to 32°C) instituted. When the left anterior de- 
scending coronary artery was opened to place 
the graft, air bubbles came out here also. The 
planned operation was completed and, three 
hours seventeen minutes after the emboliza- 


tion, hyperbaric therapy was begun. The pa-: 


tient became responsive for the first time while 
being treated. He sustained some permanent 
memory impairment, but was able to resume 
his former job as a school custodian. 

The case of a patient reported by Winter 
and colleagues [25] indicates that hyperbaric 
therapy may be lifesaving even after a delay 
as great as eleven hours. There are now a num- 
ber of reports of patients who sustained neu- 
rological damage from air embolism during 
bypass who were treated hyperbarically with 
good results [5, 10, 21, 22]. Other types of iat- 
rogenic arterial air embolism that have oc- 
curred during diagnostic catheter studies or 
during dialysis, for example, have been suc- 
cessfully treated by hyperbaric methods [1, 6]. 

The favorable results reported when iatro- 
genic arterial embolism is treated with hyper- 
baria are not surprising because, applied early, 
the therapy is specific. There is an extensive 
experimental and clinical literature concern- 
ing arterial embolism resulting from pulmo- 
nary barotrauma [3, 4, 7, 9, 13, 23]. Clini- 
cally, lung rupture and embolism can occur 
when a diver who is holding his breath rises as 
little as 6 feet (1.83 m), a circumstance that in- 
creases intrapulmonary pressure by approxi- 
mately 150 cm H,O. Loss of consciousness, 
convulsions, paralysis, brain damage, or blind- 
ness can result. Early recompression, even 
when the embolization is massive, is usually 
curative [4, 9, 23]. Residual damage or failure is 
increasingly more likely if there is delay [3, 71. 
Although the outcome without hyperbaria can 
be favorable sometimes and although treat- 
ment with heparin, oxygen, hypothermia, CO, 
washout of the aorta [18], and steroids can be 
beneficial, recompression is the only specific 
therapy. The volume of the gas bubbles is de- 
creased in proportion to the pressure increase, 


and reabsorption of gas is hastened by both the 
size change and by the substitution of oxygen 
for niirogen as the major bubble constituent. In 
addit.on, hyperbaria lowers intracranial pres- 
sure and increases the distance oxygen will 
diffuse. These changes decrease hypoxia, re- 
duce zerebral edema, and limit microcirculatory 
failure (the so-called no reflow phenomenon) 
and neuronal necrosis [16]. Patients having 
perfusion usually are heparinized and fre- 
quently are cooled, and the embolized gas is, in 
gene-al, almost pure oxygen. These circum- 
stances probably moderate the microcirculatory 
failuce and improve the prognosis even when 
treatment is delayed [8, 21]. For this reason; the 
planaed heart operation should usually be 
completed [12, 21, 22]. 

Stoney and associates indicate that the inci- 
dence of air embolism associated with perfu- 
sion in heart operations has been approxi- | 
mately 1 per 1,000 procedures in recent years 
and that 1 patient in 3 has died or shown a per- 
manent recognized neurological impairment. 
One should not assume that presently available 
safety measures, such as low-level alarms on 
reservoirs, pump shutoffs, and bubble detec- 
tors, important and promising as they are, will 
eliminate the risk of air embolism. Although 
the »erfusion system is the most obvious source 
for gas emboli, they can arise from the left 
veniricle, the aorta, or a vent device. Heart op- 
erations are no longer a cottage industry; an ac- 
cep-able program requires a considerable team 
and a substantial volume of patients. To take a 
leaf from industry's safety manual (a hyperbaric 
"recompression" chamber is a requirement for 
all major commercial diving enterprises): teams 
engaged in open-heart operations should famil- 
iarize themselves with the therapy of air embo- 
lisra. They should ascertain the nearest loca- 
tion of a suitable hyperbaric chamber* and, in 
corjunction with the chamber team, work out a 
detailed protocol to be followed in suspected, 
presumptive, or proved instances of air em- 
boHsm. 

There is some variation in the precise mode 


"Ihe Undersea Medical Society, 9650 Rockville Pike, 
Bethesda, MD 20014 maintains a list of the location of 
hyperbaric chambers. A list will also be published in 
Hy»erbaric Oxygen Review, Vol 1, No. 1, 1980. 
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of treatment recommended or possible de- 
pending on whether a multiplace high-pressure 
air chamber or a monoplace oxygen chamber is 
used. For example, hyperbaric chambers under 
the supervision of the armed services are gen- 
erally multiplace high-pressure air chambers. 
In them, chest tubes are handled with rela- 
tive ease and respiratory support is frequently 
available. A generally favored plan is to com- 
press immediately to 6 atmospheres absolute (6 
ATA, equivalent to 165 feet or 49.5 m of seawa- 
ter) with the patient breathing air and then 
rather promptly (to avoid a prolonged period of 
decompression) reduce the pressure to about 


3 ATA and institute oxygen by mask or en- 


dotracheal tube, with brief intermittent air- 
breathing periods to avoid cerebral oxygen 
toxicity [4, 13, 22]. Some large clinical multi- 
place air chambers and all clinical monoplace 
oxygen chambers are limited to 3 ATA. AI- 
though theoretically 3 ATA does not reduce 
bubble size optimally, the more prompt use of 
oxygen may equalize the benefits. Air em- 
bolism complicating open-heart operation has 
been treated successfully in monoplace cham- 
bers [10]. The requirements for chest tubes and 
for respiratory support are solvable problems in 
a monoplace chamber but require planning well 
ahead of the need [10]. 

Brain damage after open-heart operation is 
now recognized as a preventable accident [11, 
19]. Surgeons, anesthesiologists, pump techni- 
cians, hospital staffs, and manufacturers are all 
at risk legally when brain damage occurs. If one 
considers the number of reported gas embolism 
accidents that have occurred with open-heart 
operation, the high mortality (21% versus 0 to 
896 [4, 7] for treated diving air embolism), and 
the infrequent reports of hyperbaric treatment, 
an inescapable conclusion is that most thoracic 
surgeons are insufficiently prepared to deal 
with this treatable emergency. National and 
international standards are now being prepared 
for oxygenators. Standards for the entire perfu- 
sion system, including alarms and other safety 
devices, will follow. A logical additional step 
will be to require that teams provide assurance 
of appropriate measures to deal with air em- 
bolism accidents when they do occur. Ethically, 


this step should be taken now, not when it be- 
comes mandatory. 
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SYMPOSIUM 


Current Status of Treatment 


for Tricuspid Atresia: Introduction to Symposium 


Amnon Rosenthal, M.D. 


In November, 1978, a symposium on the cur- 
rent status of treatment for tricuspid atresia was 
held at the 51st Scientific Session of the Ameri- 
can Heart Association. The symposium was 
sponsored jointly by the Council on Cardiovas- 
cular Disease in the Young and Council on 
Cardiovascular Surgery. It was moderated by 
Dr. Fred Bowman and me. The data in three of 
the following papers were in part or entirely 
presented at the symposium. Following these 
brief introductory remarks on the prevalence 
and overall survival of patients with tricuspid 
atresia, Dr. Weinberg describes the various 
anatomical forms of tricuspid atresia. Palliative 
intervention utilizing various shunt procedures 
is discussed by Dr. Trusler and Dr. Williams, 
and a new palliative procedure is presented 
by Dr. Fontan and colleagues. Because of the 
paucity of postoperative data following the 
Fontan procedure, a paper by Dr. Behrendt and 
myself was added to this symposium. 
Some of this material was presented previ- 
ously at the cardiology section of the American 
Academy of Pediatrics in October, 1978. 

The prevalence of tricuspid atresia can be es- 
timated from the information gathered by the 
New England Regional Infant Cardiac Program. 
This program is a voluntary association of hos- 
pitals in the six New England states and offers 
definitive care for infants with cardiac disease. 
It is evident that tricuspid atresia is a rare con- 
_ genital cardiac anomaly. It ranks fourteenth 
among the diagnostic categories of congenital 
heart disease during infancy and accounts for 
only 2.6% of all infants with heart disease hos- 
pitalized or dying in the first year of life.* Out 
of 1,083,083 live births in New England from 
1968 through 1974, 58 infants had tricuspid 
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*Fyler D: Personal communications, 1979; New England 
. Regional Infant Cardiac Program, 1968 through 1974, Chil- 
dren's Hospital Medical Center, Boston, MA. 


atresia. Out of 100,000 live births, 5.4 infants 
have tricuspid atresia. There were 3,144,198 live 
births in the United States in 1975 [3], and ex- 
trapolating from the data of the New England 
Regional Infant Cardiac Program, the number 
of infants born with tricuspid atresia in the 
United States each year is approximately 170. 
The overall crude mortality during the first 
year of life for infants with tricuspid atresia en- 
rolled in the New England Regional Infant Car- 
diac Program is 3896 (Table). Therefore, only 
62% of the infants born with tricuspid atresia 
during the period 1968 through 1974 survived 
beyond 1 year of age. Attrition during child- 
hood and preadolescence is relatively small, but 
it does increase sharply during adolescence [1]. 
Only 20% of patients survive to 25 years of age. 
Death during the first year of life is predomi- 
nantly related to hypoxemia or its sequelae, and 
after early adolescence, to complications such as 
congestive heart failure, arrhythmias, and pul- 
monary vascular obstructive disease [1, 4]. 
From the data available, it might be expected 
that if current palliative surgical therapy re- 
mains unchanged, approximately 105 children’ 
per year (170 X 0.62 = 105) in the United States 
will be candidates for more definitive opera- 
tion, such as the Fontan procedure [2]. While 
the long-term survival and morbidity for the 
Fontan operation remain unknown, operative 
mortality [4] and the cumulative survival curve 
[1] for patients with tricuspid atresia clearly in- 


Crude First-Year Mortality for Infants 
with Tricuspid Atresia? 


Management Number Dead Percent Dead 
. Medical 19 9 47 
Surgical 39 13 33 
Total 58 22 38 


?Data provided by D. Fyler from the New England Regional 
Infant Cardiac Program, Children’s Hospital Medical 
Center, Boston, MA, for the period 1968 through 1974. 
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dicate that the "golden" period for repair is 
during early childhood. If the survival of pa- 
tients with tricuspid atresia is to be increased, 
improved medical care and more innovative 
surgical therapy must be undertaken at infancy. 
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Anatomy of Tricuspid Atresia and 
Its Relevance to Current Forms of Surgical Therapy . 


Paul M. Weinberg, M.D. 


ABSTRACT An anatomical study of 33 postmortem 
specimens of tricuspid atresia from two children's 
hospitals was carried out in order to identify the rel- 
ative frequency of the various disease entities and 
associated malformations. Particular emphasis was 
placed on the relevance to surgical therapy. 


Tricuspid atresia denotes a group of uncommon 
congenital heart defects in which there is ab- 
sence or complete closure of the atrioventricular 
orifice of the morphological right ventricle 
(RV). This condition was reported with cer- 
tainty in 1817 by Kreysig [4]. The following 
study was undertaken to determine the relative 
frequency of the different anatomical varieties 
of tricuspid atresia as well as the associated 
malformations that might influence the surgical 
approach to these lesions. 


Materials and Methods 

The data presented here were obtained by ex- 
amination of postmortem specimens demon- 
strating tricuspid atresia. The anatomical type 
of tricuspid atresia was noted, and segmen- 
tal analysis was used [10, 11]. There were 21 
hearts with tricuspid atresia in the collection of 
830 specimens with heart disease at the Chil- 
dren's Hospital of Philadelphia and 12 out of 
700 specimens at the Children's Hospital of 
Buffalo; 2.296 of all postmortem specimens with 
heart disease at these two hospitals had tricus- 
pid atresia. This is similar to the findings of 
Abbott [1] (2.1%) and Nadas and Fyler [6] (3%). 
Ages at death ranged from 2 days to 132 years 
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(median age, 612 weeks). There was a slight 
male preponderance (55%). 


Results ! 
Several difterent anatomical appearances at the 
expected site of the tricuspid orifice are noted 
but bear no relationship to the various seg- 
mental combinations, which represent essen- 
tially different disease entities. The anatomical 
types are presented, but the remainder of the 
data is discussed according to segmental sub- 
set. 


Anatomical Types 

There are five known types of tricuspid atresia, 
four of which were found in the current 
series (Fig 1). The most common form is mus- 
cular atresia in which there is no evidence of 


tricuspid valve tissue and there is a solid mus- 


cular floor to the atrium, sometimes with a tiny 
dimple at the expected location of the tricuspid 
valve. This dimple, as others have noted since 
Crocker [3] in 1879, is opposite the morpho- 
logical left ventricle (LV). Of the 33 specimens 
in this series, 25 (76%) had muscular atresia. A 
similar type is membranous atresia in which 
the atrioventricular portion of the membranous 
septum (between the right atrium and LV) ap- 
pears in the expected location of the tricuspid 
valve. Four specimens (12%) exhibited this 
form. Another type is valvular atresia in which 
a thin membrane of valve tissue, sometimes 
with rudimentary chordae, is noted. There is no 
atrioventricular orifice, just a solid membrane 
or fused leaflets. The major difference between 
this and the membranous type is that this 
membrane is located between the atrium and 
RV, not the LV. Two specimens (6%) fell into 
this category. A similar type in which valve tis- 
sue also is present is the Ebstein form in which 
the leaflet tissue is adherent to the wall of the 
already small right ventricular cavity, further 
reducing its size. There were 2 specimens (6%) 
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MUSCULAR 


VALVULAR 


EBSTEIN 


Fig 1. Anatomical types of tricuspid atresia. For 
simplicity, the four chambers are depicted in the same 
relative locations for each type, and great arteries are 
not shown. Note that the membrane in membranous 
tricuspid atresia is the atrioventricular (AV) portion of 
the membranous septum. In the valvular and Ebstein 
types, the tricuspid leaflets are fused; the orifice is ab- 
sent. (RA = right atrium; LA = left atrium; * = dimple 
in the floor of the RA at the expected site of the tricus- 
pid valve; RV = morphological right ventricle; LV = 
morphological left ventricle.) 


of this type in the present series. A fifth type is 
the very rare form occurring with common 
atrioventricular canal, in which a leaflet of the 
common atrioventricular valve completely seals 
the only entrance into the RV. It was identified 
by Van Praagh [9] and is mentioned here only 
for completeness. 


Table 1. Segmental Combinations and 
Ventriculoarterial Relations 








VA No. of Per- 
Relations Segments Hearts cent 
Normal {S,D,S} 18 55 
Transposition {$,D,D} 6 18 
RV aorta with {$,D,D} d 3 
pulm. atresia 
Transposition (S,D,L) 2 6+ 
Anatomically 19,D,L 1 3 
corrected 
malposition 
Transposition (S,L,L) 5 © 15 


RV = right ventricular; pulm. = pulmonary. 






MEMBRANOUS 





AV CANAL 


Segmental Combinations 
and /entriculoarterial Relations 
The specimens under consideration can be 
grouped into six fundamentally different dis- 
ease entities by ventriculoarterial relation and 
segmental combination (a three-member subset 
showing the basic layout of the heart as indi- 
cated by {visceroatrial situs, ventricular loop, 
infundibulum and great arteries?) (Table 1; Fig 
2) [10, 11]. The largest group had normally re- 
lated great arteries and normal segments or 
(S,L,5: situs solitus of viscera and atria, ven- 
tricular D-loop, that is, remnant of the RV* to 
the right of the LV,” and solitus normal great 
arte-ies, that is, the pulmonary artery (PA) 
above the RV, the aorta (Ao) above the LV with 
fibrous continuity between the mitral and aor- 
tic valve, and normal clockwise twisting of the 
Ao about the PA as viewed from the ventricles. 
Tae second group, representing nearly one- 
fifti of the specimens, had transposition of the 
greet arteries or TGA {S,D,D}. Transposition 
ind-cates that the Ao rises above the RV rem- 
nant and the PA, above the LV. Again there is 
situs solitus of viscera and atria, and a ven- 


" "tricalar p-loop with p-TGA, meaning that the 


trar.sposed Ao arises to the right (dextro) of the 
trarsposed PA. 

In the series, there was 1 specimen with right 
ventricular Ao with pulmonary atresia {S,D,D}. 


“Hese and throughout this paper, RV and LV are taken to 
indicate morphological RV and LV irrespective of position 
in tFe body. 


M M MÀ Ó—MÓ—— atin aint A cA 2 





TGA {S,D,L} 


ACM {S,D,L} 


Fig 2. The segmental combinations and ventriculoarte- 
rial relations encountered in this study. Since all hearts 
had situs solitus of atria, for simplicity the atria are not 
shown. Ventriculoarterial relations and segments are 
explained in the text. (AO = aorta; PA = pulmonary 
artery; MV = mitral valve; RV = right ventricle; VSD 
= ventricular septal defect; LV = left ventricle; NL = 
normal; COARCT = coarctation of the aorta; TGA= 
transposition of great arteries; RV Ao = right ventricu- 
lar aorta; P At = pulmonary atresia; TV = tricuspid 
valve; ACM = anatomically corrected malposition.) 


With this combination, the Ao is clearly 
above the RV remnant but the location of the 
PA relative to the ventricles is uncertain, even in 
the specimen, because of pulmonary atresia. 
The group with TGA {S,D,L} had connec- 
tions similar to those with TGA {S,D,D}, but 
the Ao, while still arising above the RV rem- 
nant—the infundibulum—is to the left (levo) 
of the transposed PA. 

Another single specimen had anatomically 
corrected malposition {S,D,L} in which there 
is situs solitus of viscera and atria, ventricular 
D-loop, and the Ao arising above an infun- 
dibulum (conal muscle) above the LV! There is 
mitral-aortic discontinuity and the Ao is to the 
left of the PA, which arises above the RV. The 
connections are similar to the first group with 
segmental subset {S,D,S} yet the t-malposed 
aorta above a left ventricular infundibulum 
cannot be considered normally related to the 
LV. The significance of this goes beyond 
semantics since an ascending aorta- pulmonary 


TGAÍS,L,LI 


branch anastomosis (Waterston) would have to 
be done on the left, necessitating a left thora- 
cotomy, as was the case with this patient, rather 
than a right thoracotomy (as in (S,D,S)). 

TGA {5,L,L} represents the third largest 
group in the series. It has situs solitus of viscera 
and atria but with a ventricular r-loop, i.e., the 
morphological LV is to the right and gives rise 
to the transposed PA, and the RV remnant is 
to the left beneath the transposed Ao. Since 
tricuspid atresia refers to absence or closure of 
the atrioventricular orifice of the morphological 
RV no matter where it is located, it should be 
noted that these specimens fit this definition as 
well as those already mentioned but are distinct 
from them in that the segmental discordance, 
{S,L,L}, indicates that it is the left atrium (LA) 
and pulmonary veins that are sitting above the 
atretic orifice rather than the right atrium (RA). 

These groups indicate the most common 
conditions involving tricuspid atresia, but are 
not the only ones. Tricuspid atresia may occur 
in situs inversus [13], in cases of double-outlet 
right ventricle [2], and double-outlet left ventri- 
cle [5, 7, 8, 12]. 


Atrial Septal Defects 

When there is atresia of the atrioventricular 
valve, either mitral or tricuspid, the venous re- 
turn to the atrium above the atretic orifice must 
exit by an atrial septal defect (ASD) of some sort 
if the patient is to survive. Specimens in this 
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Table 2. Atrial Septal Defect 


Type {S,D,S} 
Ostium secundum 4 
Valve, incompetent foramen ovale 12 
Valve, competent foramen ovale 2 
Total 18 
Restrictive 0 


{S,D,L} 
[s D,D} TGA ACM ISTE 
4 1 0 1 
0 0 1 1 
3 1 0 3 (1 B-H) 
7 2 j 5 
3 1 0 4 


TGA = transpos:tion of the great arteries; ACM = anatomically corrected malposition; B-H = status after a Blalock-Hanlon 


surgical atrial septectomy. 


Table 3. Ventricular Septal Defect 





{S,D,L} 
Size {s,D,S} {S,D,D.} TGA ACM {s,L,L} 
Nonrestrictive 9 3 2 0 2 
Restrictive 7 4 0 1 9 
Intact ventricular septum 2 0 0 0 
Total 18 7 2 1 5 


TGA = transposition of great arteries; ACM = anatomically corrected malposition. 


study were examined as to the type of ASD and 
were considered to have a restrictive ASD if the 
diameter of a dilator passed through the defect 
was less than the diameter of the aortic valve in 
the case of right-sided tricuspid atresia (i.e., the 
entire systemic venous return passes through 
the defect) or the diameter of the pulmonary 
valve in the case of left-sided atresia (i.e., the 
tota] pulmonary venous return passes through 
the defect) (Table 2). Virtually none of the 
specimens with normally related great arteries 
had an anatomically restrictive ASD whereas 
nearly half of the TGA (S,D,DY* and TGA 
{S,D,L} specimens and almost all of the TGA 
{S,L,L} specimens had a restrictive ASD. 


Ventricular Septal Defects 

These were of three types in terms of location: 
(1) conoventricular (or membranous), occurring 
high in the septum immediately inferior to the 
parietal band (conal septum) with normal re- 
lationship of parietal band to septal band; (2) 
conal septal malalignment, occurring high in 


"In this and following analyses, the 1 specimen with right 
ventricular A» with pulmonary atresia is grouped with 
TGA {S,D,D} for simplicity since it is very similar anatom- 
ically to, if not actually a case of, TGA. 


the septum, superior to the septal band with 
an abnormal relationship (malalignment) of 
parietal band to septal band, and often but 
not necessarily associated with outflow ob- 
striction; and (3) muscular, occurring low in 
the septum. About half of the VSDs are restric- 
tive in the sense that the diameter is less than 
the diameter of the semilunar valve arising 
abcve the RV remnant (Table 3). There were 2 
specimens with normally related great arteries 
wh.ch had an intact ventricular septum. 


Outflow Tract Obstruction 
Tw 2-thirds of the specimens with normally re- 
lated great arteries had valvular pulmonic 
stenosis (Table 4). There is no particular pattern 
releting valvular pulmonic stenosis to RV or 
VSD size. In fact, one specimen with a VSD that 
had closed by jet lesion formation had no out- 
flow tract obstruction whatsoever, and another 
with a large VSD had severe valvular pulmonic 
stenosis. Surprisingly, there was 1 specimen 
wih normally related great arteries and a 
malalignment-type VSD resulting in subaortic 
stenosis, severe aortic arch hypoplasia, and 
coarctation of the Ao. 

In the (S,D,Dj group, 2 of the 7 hearts had 


310 The Annals of Thoracic Surgery Vol 29 No 4 April 1980 


Table 4. Pulmonic Stenosis 


{S,D,L} 
Obstruction {S,D,5S,} [S,D,D] TGA ACM {S,L,L} 
No pulmonic stenosis 6 5 2 0 1 
Pulmonic stenosis 10 1 0 1 3 
Pulmonary atresia 2 1 0 0 1 
Total 18 7 2 1 5 


pulmonary outflow obstruction due to conal 
septal (parietal band) malalignment. Another 
had malalignment producing subaortic steno- 
sis. This specimen and 2 othėrs without out- 
flow tract obstruction had coarctation of the 
Ao. The single heart with anatomically cor- 
rected malposition {S,D,L} had conal septal 
malalignment producing subpulmonic stenosis 
with valvular stenosis. In the transposition 
(S,L,L) group, 4 of the 5 hearts had pulmonic 
stenosis or atresia, 3 due to conal septal 
malalignment and 1 to fibrous malattachments 
of the right-sided mitral valve. There were no 
cases of aortic outflow obstruction in this 


group. 


Associated Cardiovascular Malformations 
Four of the 18 hearts (2296) with normally re- 


lated great arteries (all with pulmonic stenosis) — 


and 1 with transposition {S,D,D} (also with 
pulmonic stenosis) had a persistent left 
superior vena cava draining to the coronary 
sinus. In 1 of them, this was the only superior 
vena cava; the right one was absent. Aortic arch 
anomalies were present in 3 cases (9%), 2 with 
right aortic arch and 1 with left arch with anom- 
alous right subclavian artery. There were 4 
hearts with preductal coarctation of the Ao 


with arch hypoplasia, including half of the | 


transposition {S,D,D} group. Three of the 
(S,D,D) specimens had the interesting complex 
of juxtaposition of the atrial appendages: 1 with 
pulmonic stenosis, 1 with pulmonary atresia, 
and a third with coarctation of the Ao. 


Comment 

Tricuspid atresia includes several distinct dis- 
ease entities, which, interestingly, are unre- 
lated to the anatomical type of tricuspid atresia 
(i.e., muscular, membranous, valvular, Eb- 


stein, or atrioventricular canal) but result in- 
stead from the various segmental combinations 
and ventriculoarterial relations. Basically the 
atresia may be right-sided or left-sided depend- . 
ing on whether there is a D- or L-ventricular loop. 
Either or neither great artery or both may arise 
above the diminutive right ventricular cham- 
ber. Furthermore, of considerable importance 
to the palliative as well as the definitive op- 
eration for these conditions is the location of 
the Ao relative to the PA (right or left). In this - 
series, the heart with anatomically corrected 
malposition {S,D,L} in which the connections 
are very similar to those in hearts with normally 
related great arteries (PA arising above RV and 
Ao arising above LV, though with subaortic 
conus) points up the critically important feature 
of L-malposition of the great arteries neces- 
sitating a left-sided Waterston. 

Size of the ASD is important in all patients 
prior to definitive operation since either the 
entire systemic blood flow or the entire pulmo- 
nary blood flow must pass through it. Nearly 
half of the transpositions with p-loop and al- 
most all of the transpositions with r-loop had 
anatomically restrictive ASDs and in all likeli- 
hood would have benefited from balloon atrial 
septostomy. While none of the hearts with 
normally related great arteries had anatomically 
restrictive ASDs, we are unable to comment on 
the possibility of physiological restriction oc- 
curring after creation of a systemic- pulmonary 
artery shunt, with increased blood return from 
the lungs to the LA raising LA pressure and 
tending to close the foramen ovale. Restrictive 
VSDs were less selective and were found in 
about half of all hearts regardless of segmental 
subset. A restrictive VSD is essentially a form of 
subpulmonic or subaortic stenosis in normally 
related great arteries (or anatomically corrected 
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malposition) and transposition, respectively, 
in the unoperated or palliated patient. With 
placement of an external conduit from the RA to 
the PA (or RV), the VSD is closed in the case of 
normally related great arteries. However, with 
transposition and double-outlet right ventricle, 
it remains as the subaortic outlet and, if restric- 
tive, necessitates enlargement of the defect or 
the use of a second external conduit (LV to Ao). 

Pulmonic stenosis or atresia was present in 
two-thirds of the hearts with normally related 
great arteries. Therefore, in a significant num- 
ber of patients in whom the surgeon expects 
to run a conduit from the RA to RV, there 
must be outflow tract resection or valvotomy or 
both, and perhaps some of the function of the 
native pulmonary valve will be lost. The rela- 
tively high incidence (5096) of coarctation of the 
Ao. in patients with tricuspid atresia with 
transposition of the great arteries {S,D,D} 
makes this an important associated anomaly to 
consider when dealing with this entity. How- 
ever, there was 1 example of coarctation with 
normally related great arteries without subpul- 
monic obstruction but with subaortic obstruc- 
tion due to conal septal (parietal band) mal- 
alignment. 

There were 3 hearts with juxtaposition of the 
atrial appendages, all with segments {S,D,D}. 
This syndrome is frequently associated with 
hypoplasia of the RV and tricuspid hypoplasia 
or atresia. It is usually described as having 
pulmonic obstruction, but 1 of our 3 hearts had 
coarctation of the Ao instead. Transposition or 
double-outlet right ventricle is usual. 

Persistent left superior vena cava draining 
to the coronary sinus occurred in 4 hearts 
with normally related great arteries and 1 TGA 
{S,D,D}. Three of the 5 required systemic- 
pulmonary artery shunts, and a Glenn anas- 
tomosis had been employed in 2 (one right and 
one left). This emphasizes the need to know the 
presence and size of both superior venae cavae 
in cases of tricuspid atresia. 

In summary, the diversity of entities in 
which tricuspid atresia is found requires the 
identification of the segmental subset and ven- 
triculoarterial relation. It also calls for aware- 
ness on the part of the surgeon of the pos- 
sibilities of a restrictive ASD, especially when 
there is transposition, a restrictive VSD, pul- 


mon:c stenosis, particularly in the group with 
normally related great arteries in which the ex- 
ternel conduit may not bypass the obstruction, 
and coarctation of the Ao, especially in the 
TGA {S,D,D} group. Persistent left superior 
vena cava occurred in more than a quarter of 
those patients requiring a systemic-pulmonary 
arter7 shunt and could complicate the picture if 
a Glenn anastomosis is chosen. 
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Long-Term Results 


of Shunt Procedures for Tricuspid Atresia 
G. A. Trusler, M.D., and W. G. Williams, M.D. 


ABSTRACT One hundred forty-eight infants and 
children with tricuspid atresia treated by one or 
more operations duxing a 31-year period were re- 
viewed to indicate the long-term results of shunt 
procedures. In general, the Potts shunt was used 
most frequently in small infants while the Blalock 
anastomosis was preferred for children older than 3 
to 6 months. The Glenn anastomosis appears to be a 
good secondary shunt but its use depends on specific 
anatomical features and the possibility of doing a 
Fontan procedure in the future. The duration of ef- 
fective palliation for each shunt has been examined 
actuarially by life-table analysis. It is essential that 
shunts not only maintain adequate oxygen satura- 
tion but also preserve the patency, size, and shape of 
the pulmonary arteries and normal pulmonary vas- 
cular resistance. 


The development of the Fontan operation has 
introduced a new dimension to the treatment of 
tricuspid atresia [1]. It has increased the im- 
portance of accurately defining the intracardiac 
anatomy, the anatomy of the great vessels, the 
size of the pulmonary arteries, and the resis- 
tance in the pulmonary vascular bed. Since the 
Fontan procedure usually is done in older chil- 
dren, the shunt procedures used for palliation 
in early life must provide long-term palliation 
and prepare the pulmonary arteries and pul- 
monary vascular bed for the repair. Therefore, 
the goals of shunt operations are to provide 
adequate oxygen saturation and to maintain the 
patency, size, and shape of the pulmonary ar- 
teries, while avoiding increased pulmonary 
vascular resistance. 

To outline the long-term results of shunts, we 
reviewed our experience from 1947 to 1978. In 
that 31-year period, 148 infants and children, 62 
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boys and 86 girls, with tricuspid atresia were 
treated by one or more operations. 


Material and Results 

Of those with known anatomy, 121 patients or 
82% had normally related great arteries and 94 
patients or 6496 had type IB. They had a small 
right ventricular chamber and outflow tract and 
were the most suitable for a Fontan procedure. 

Although there were others with increased 
pulmonary blood flow initially, only 9 of the 148 
children had pulmonary artery banding. Five of 
the 9 survived, and 2 later had a Glenn anas- 
tomosis. Several different procedures were em- 
ployed as the first operation in 10 of the other 
139 patients. These procedures included en- 
largement of the ventricular septal defect or re- 
pair of aortic coarctation, and, along with pul- 
monary artery banding, are classed in the 
miscellaneous category. 

In 129 children, the first operation was a 
shunt. As expected, the shunt mortality was 
noticeably higher in the first 6 months of life 
(Table). Just over half of the infants required 
operation at this time. We prefer the Potts pro- 
cedure in this age group since it is the easiest 
shunt to construct in a tiny infant. While the 
mortality was high in the early years of this re- 
view, it has been lower recently. In infants and 
children more than 6 months old, the Blalock 
anastomosis has been most useful with low 
risk. At one time, we favored the Glenn anas- 
tomosis for the first shunt, but now we think it 
is more appropriate as a secondary shunt. 

Forty-eight or almost half of the 102 early sur- 
vivors required a second operation an average 
of 5.3 years after the first procedure. Forty of the 
reoperations were shunts, and the Blalock- 
Taussig was the most convenient and useful. 
The Potts shunt is not generally a satisfactory or 
easy second procedure. The Glenn shunt gave 
good results, and the only mortality occurred in 
a desperately ill infant who also required revi- 
sion of a large Waterston anastomosis. 
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Operative Procedures and Mortality? 


First Operation 


Second Third 

Procedure « 6 mo > 6 mo Operation Operation 
Potts 38 (17) 14 (3) 9 (1) 0 
Blalock-Taussig 15 (6) 31 (3) 17 (2) 4 (0) 
Glenn 3 (2) 19 (0) 11 (1) 1 (0) 
Waterston 6 (2) (1) 3 (1) 0 
Miscellaneous 14 (9) (3) 4 (1) 1 (0) 
Fontan 0 4 (0) 1 (0) 

Total 76 (36) 72 (10) 48 (6) 7 (0) 


*Figures in parentheses represent mortality. 


Seven children required a third operation 
approximately 4.3 years following the second 
procedure. Again the Blalock-Taussig and Glenn 
anastomoses seemed best. One patient who 
was 23 years old at the time of writing had 
had a total of five operations, the last two being 
a Glenn anastomosis and a central aortopulmo- 
nary shunt. 

In addition to the early mortality, there have 
been 13 late deaths. Five were of unknown 
cause. Another 5 were likely related to either 
the operation or the primary heart malforma- 
tion and comprised 2 children with pulmonary 


Fig 1. Actuarial patient survival for the 104 survivors of 
the first operation by life-table analysis. Ten years fol- 
lowing the initial shunt, 84 + 3.7% of the children were 
alive. At 15 years, 72 + 6.4% of the children were sur- 
viving. (n — number of children at risk.) 
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infarcts, 1 with pulmonary hypertension fol- 
lowing a long-term Blalock-Taussig shunt, 1 
with sepsis, and 1 who had cardiac failure. The 
other 3 late deaths were due to suicide, Ewing's 
turor, and atelectasis following an operation in 
the urinary tract. 

At the time of writing, there were 82 sur- 
vivors. Of the 75 who could be contacted at this 
follow-up, 10 were 20 to 30 years old, 37 were 
from 10 to 20 years old, and 28 were less than 10 
yezrs old. Twenty-four were asymptomatic, 48 
had mild to moderate symptoms, and 3 were 
severely restricted. 

-he results of the various shunt operations 
were examined by actuarial analysis but were 
found meaningful only for the first shunt. The 
actuarial survival for all survivors of the first 
operation (Fig 1) showed that 8496 were alive 10 
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Fig 2. Actuarial analysis of patient survival for each 
type of primary operation. The children undergoing a 

_ Glenn shunt were the oldest of the three groups, and 
100% were alive 10 years following operation. Patient 
survival for the arterial shunts is less favorable. Ten- 
year survival was 82 + 6.4% for children surviving a 
Blalock-Taussig shunt and 72 + 6.7% for those after a 
successful Potts shunt. 


years after the operation and 7296 were alive 15 
years after it. Beyond that time, the numbers 
were relatively small and had little significance. 

The actuarial patient survival for survivors of 
specific shunts shows that the Glenn anas- 
tomosis has the best record with 100% of the 
patients alive 10 years later (Fig 2). Beyond that 
time, the number was too small to be signifi- 
cant. The results with Potts and Blalock-Taussig 
shunts were not quite as good with 7296 and 
8296, respectively, of the patients alive 10 years 
after creation of the shunt. 

The actuarial shunt survival is a measure of 
shunt adequacy and indicates the length of time 
from the first shunt until a second operation is 
necessary or until the patient dies. In our series, 
children with a Glenn anastomosis did well 
initially with 84 + 8.7% of the shunts still the 
sole support 5 years after the operation (Fig 3). 
However, there was a fairly rapid increase in 
the need for a second shunt 6 to 8 years follow- 
ing the first operation. With the Potts shunt 
there was a steadier decline: only 67 + 7.9% of 
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Fig 3. Actuarial analysis of shunt survival (primary op- 
eration) for the same group of children shown in Figure 
2 demonstrates the effectiveness of long-term palliation 

by a Potts anastomosis, Glenn shunt, or Blalock-Taussig 
anastomosis. 


the patients at 5 years and 49 + 9.1% at 10 years 
were still surviving on the initial shunt. With 
the Blalock-Taussig shunt, the decline was 
slightly more rapid: only 59 + 8.9% of the chil- 
dren were alive on the initial shunt at 5 years 
and 35 + 8.7% at 10 years. The Potts shunt ap- 
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peared to provide more prolonged palliation 
than the Blalock-Taussig shunt. | 


Comment 

Of the 148 patients entering this series over the 
31-year period 1947 to 1978, more than half are 
still alive. Thirty-one have a Glenn anasto- 
mosis, 30 a Potts anastomosis, 38 at least one 
Blalock-Taussig anastomosis, and 2 a Waterston 
anastomosis. Thirty-eight patients have had 
two or more procedures, 44 have had only one 
operation, and 1 patient has had 5 operations. 

In patients with tricuspid atresia, the 
Blalock-Taussig anastomosis is most useful be- 
cause it produces controlled pulmonary blood 
flow, which seldom causes pulmonary vascular 
disease, and the shunt is easy to close at a 
subsequent repair. However, in our experi- 
ence, the Blalock-Taussig anastomosis seldom 
enlarges, and, depending on the age of the 
child when the shunt is constructed, the child 
gradually does outgrow it. 

When we compared two small groups of chil- 
dren with a right Blalock-Taussig anastomosis, 
all of whom required a second shunt, we found 
that the second shunt was required earlier in 
children who had had the first anastomosis 
when they were less than 12 months old. When 
the anastomosis is constructed in an infant less 
than 3 months old, the child will likely outgrow 
it within the next few years. If this child is a 
potential candidate for a Fontan operation and 
it is to be done in early teenage life, a second 
shunt will be needed for the child to attain that 
age. 

The Potts shunt is constructed easily in a 
child only a few months old and may produce a 
large flow to the lungs. The anastomosis tends 
to grow with the child, producing adequate 
palliation for many years. If a Glenn anas- 
tomosis is contemplated as part of the future 
management, then the Potts shunt has the fur- 
ther advantage of leaving the right pleural 
space clear for the Glenn anastomosis. Unfortu- 
nately, it may be difficult to control both initial 
size and growth. In addition, the Potts shunt 
tends to cause stenosis of the left pulmonary 
artery just as the Waterston shunt does with the 
right. The Waterston shunt has many of the ad- 
vantages and disadvantages of the Potts shunt, 


but in our series few Waterston shunts were 
done because we wished to keep the right 
pleural space intact [4]. 

The Glenn anastomosis is perhaps the safest 
anas-omosis as long as it is not done in small 
infar.ts or in patients with increased pulmonary 
vascular resistance. It does enlarge and pro- 
vides good early palliation but tends to be 
insuficient 6 to 8 years later as the patient 
outg-ows the blood flow to the contralateral 
lung. With increasing hypoxemia, the hemato- 
crit vises, blood viscosity increases, and flow 
throagh the anastomosis is reduced [3]. If, at 
this time, an arterial shunt is added, the 
hematocrit returns to a reasonable level and 
may remain there for many years. The combi- 
nation of a Glenn shunt on the right plus an 
arterial shunt on the left has provided good 
long-term palliation with the highest arterial 
oxygen saturation in relation to the actual load 
on the heart. In patients who are not candidates 
for a Fontan operation, this is a good alternative 
if pulmonary vascular resistance is low. 

In general, our present management of 
tricuspid atresia is to maintain infants and chil- 
drer. with arterial shunts until they are teen- 
agers. Then, when applicable, we do a Fontan 
procedure, particularly in children with type IB 
maltormations. If a Fontan procedure is inap- 
propriate, an arterial shunt on the left and a 
Glenn anastomosis on the right can be a good 
alternative. The types of arterial shunts we 
favcr include a Potts shunt in early infancy and 
a Blalock-Taussig shunt in older infants. The 
proximal arterioplasty described by Laks and 
Cas-aneda [2] has made the left (ipsilateral to 
the aortic arch) Blalock-Taussig anastomosis 
much more effective than before. Using the left 
side keeps the right clear for a Glenn anas- 
tomosis. 

Since the early results of the Fontan proce- 
dure have been so good in patients with type IB 
tricuspid atresia in which there is a small right 
ventricular chamber with a good outflow tract 
and valve, in children with this anatomy it may 
be reasonable to do a right Blalock-Taussig 
anastomosis initially, and accept that they 
might outgrow the shunt in a few years. At that 
time, the Fontan repair could be considered or 
possibly a second Blalock-Taussig anastomosis 
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Palliative Reconstruction 


of the Right Ventricular Outflow Tract 
in Tricuspid Atresia: A Report of 5 Patients 


F. P. Annecchino, M.D., F. Fontan, M.D., A. Chauve, M.D., and J. Quaegebeur, M.D. 


ABSTRACT Five patients with tricuspid atresia, 
normally related great arteries, and decreased pul- 
monary flow underwent reconstruction of the right 
ventricular outflow tract or enlargement of the ven- 
tricular septal defect (VSD) (outlet foramen) or both 
in order to increase pulmonary blood flow. The age 
of the patients ranged from 9 months to 4 years. 

All patients previously had had a systemic- 
pulmonary artery anastomosis. Preoperative mean 
arterial oxygen saturation was 67.296. A restrictive 
outlet foramen was enlarged in 3 patients. Infun- 
dibulectomy and enlargement of the outlet chamber 
with a Dacron patch were performed in 4 patients. A 
pulmonary valve commissurotomy alone was done 
in 1 patient. There were no hospital or late deaths 
(mean follow-up, 16 months). Four patients out of 5 
have obtained symptomatic and documented (in- 
crease in partial pressure of oxygen) benefit. In 1 pa- 
tient, arterial oxvgen saturation failed to rise to a 
satisfactory level. 

The surgical approach and the importance of rec- 
ognition and treatment of any site of obstruction to 
pulmonary flow, including a restrictive VSD, are 
stressed. 


In patients with tricuspid atresia and normally 
related great arteries, obstruction to pulmonary 
blood flow can be present at any of the follow- 
ing sites: ventricular septal defect (VSD) (outlet 
foramen), infundibular segment of the outlet 
chamber, pulmonary valve, and pulmonary ar- 
teries [1, 3]. In 1954, Brock [2] proposed enlarging 
the VSD and relieving the right ventricular out- 
flow tract obstruction as an alternative palliative 
procedure in patients with tricuspid atresia, 
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normally related great arteries, and decreased 
pulmonary flow. This surgical procedure in- 
creases the pulmonary flow physiologically and 
creates favorable conditions for a future conduit 
repait if a convenient development of the pul- 
mona-y outflow tract and the pulmonary artery 
systern is achieved. | 

To date, we have used this new palliative 
procedure for 5 patients. Here we present our 
initial experience. 


Material and Method 

All paients had situs solitus, tricuspid atresia 
with ventriculoarterial concordance, and some 
form cf obstruction to pulmonary flow. They 
were severely hypoxemic soon after birth and 
underwent a systemic- pulmonary artery shunt 
within the first year of life (Table 1). One pa- 
tient had a second Blalock-Taussig shunt when 
he was 24 months old. 

After a period of improvement, the status of 
the parients deteriorated. The indication for 
further surgical treatment was severe hypoxia or 
failure +o thrive for all patients except Patient 
2 who was seen initially with symptoms of con- 
gestive heart failure due to a large Waterston 
anastomosis (Table 2). Preoperative diagnosis 
and precise assessment of the anatomical sites 
of obstruction to pulmonary flow were carried 
out in each patient by cardiac catheterization 
and cineangiography. 

At the time of operation, the patients ranged 
from 9 to 48 months old (median age, 29.4 
months). They ranged in weight from 4.5 to 14 
kg (average 8.5 kg) (see Table 2). 

The average preoperative hematocrit was 
53%; a-terial oxygen saturation averaged 
67.2%. Median sternotomy was performed in 
all patients; previous systemic—pulmonary ar- 
tery shunts were occluded when they were 
functioning. 

Cardiopulmonary bypass was instituted by 


318 The Annals of Thoracic Surgery Vol 29 No 4 April 1980 


Table 1. Previous Systemic— 
Pulmonary Artery Shunts 


Patient Age ! 

No. (mo) Palliative Shunt 

1 3 R Blalock-Taussig 

2 3 Waterston 

3 4 L Blalock-Taussig 

4 6 Waterston 

5 12 R Blalock-Taussig 
24 L Blalock-Taussig 


R = right; L = left. 


standard aortic and bicaval cannulations with 
the use of a disposable bubble oxygenator and 
moderate hypothermia between 28° and 30°C. 
Myocardial protection was assured by means of 
cardioplegic arrest with cold Bretschneider so- 
lution, 10 ml per kilogram of body weight. 
Mean aortic cross-clamping time was 40 min- 
utes. Through a vertical right ventriculotomy 
(outlet chamber), the precise anatomy was as- 
sessed, that is, the size and type of VSD and the 
presence and degree of stenosis of the pulmo- 
nary outflow tract. 

The outlet chamber, infundibulum, pulmo- 
nary valve, and annulus were considered re- 
strictive if their diameters, calibrated with 
Hegar dilators, were less than the mean normal 
value of the diameter of the pulmonary valve 
ring calculated for the patient's weight (Figure) 
[11, 12]. In Patient 1, the VSD measuring 4 mm 
in diameter, was enlarged at its anterosuperior 


margin to accept a Hegar dilator with a diame- 


ter of 9 mm. Infundibulectomy was performed, 
and the outlet chamber was closed with a 
Dacron patch placed at the site of the vertical 
ventriculotomy. 

In Patient 2, the VSD, 7 mm in diameter, was 
enlarged at its anterosuperior margin to accept 
a 13 mm Hegar dilator. Then, a Dacron patch 
for enlarging the outlet chamber was used to 
close the vertical ventriculotomy, and an an- 
gioplasty of the right pulmonary artery was 
performed at the site of the previous Waterston 
anastomosis. A pulmonary valve commissur- 
otomy was performed in Patient 3. 

In Patient 4, the VSD, measuring 10 mm in 
diameter, was enlarged at its anterosuperior 
margin to accept a 13 mm Hegar dilator. The 
main pulmonary artery and its bifurcation were 
enlarged with a pericardial patch. A restrictive 
atrial septal defect was also present and was 
enlarged through a small right atriotomy. In 
Patient 5, infundibulectomy was performed, 
and a Dacron patch for enlargement was placed 
at the site of the vertical ventriculotomy. 


Results 

There were no hospital deaths (Table 3). 
Hemodynamic status was improved by the op- 
eration in all patients: mean arterial oxygen 
saturation rose from 67.2 to 85%. Patient 2 . 
had left hemiplegia in the immediate post- 
operative course, which partially regressed. 
Another patient (Patient 1) required reopera- 
tion for compression of the main pulmonary 
artery by blood clots; although his clinical con- 


Table 2. Preoperation Data for 5 Patients Undergoing Palliative Reconstruction 


of the Right Ventricular Outflow Tract 


Arterial 
Weight at Oxygen Diameter 

Patient Age at Operation Saturation of VSD Pulmonary Indications 

No. Operation (kg! (96) (mm) Stenosis for Operation 

1 9 mo 4.5 59 4 Subvalvular Hypoxia 

2 19 mo 6 69 rå Subvalvular CHF, Water- 
ston shunt 

3 4 yr 14 63 13 Valvular Hypoxia 

4 3 yr 8 83 10 Subvalvular Failure to 
thrive (re- 

| strictive ASD) 
2 3 yr 9.9 62 14 Subvalvular Hypoxia 


VSD = ventricular septal defect; CHF = congestive heart failure; ASD = atrial septal defect. 
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Details of the surgical technique: (A) site of the vertical 
right ventriculotomy; (B) view of the inside of the small 
outlet chamber obstructed by infundibular stenosis; (C) 
infundibulectomy; (D) enlargement of the ventricular 
septal defect at its anterosuperior margin; and (E) view i 
of the outlet chamber closed with a Dacron patch. (Il- E 
lustrations by C. Deville, M.D.) E 
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Table 3. Operation and Results for 5 Patients Undergoing 
Palliative Reconstruction of the Right Ventricular Outflow Tract 








Patient Postop. Art. Results 
No. Operation O, Sat. (96) Follow-up (mo) 
1 Enlargement of VSD; infundibulectomy; 79 Fair (2) 
Dacron patch on outlet chamber 
2 Enlargement of VSD; infundibulectomy; 87 Good (15) 
Dacron patch on outlet chamber 
3 Pulmonary valvotomy 85 Good (20) 
4 Enlargement of VSD and ASD; 88 Good (28) 
infundibulectomy; Dacron patch on 
outlet chamber; pericardial patch on 
pulmonary artery bifurcation 
5 Infundibulectomy; Dacron patch on outlet 86 Good (18)? 
chamber 





Art. O, Sat. — arterial oxygen saturation; VSD — ventricular septal defect; ASD — atrial septal defect. 


? After we submitted this article for publication, this patient had a successful conduit operation and is doing well 10 months 


postoperatively. 


dition has improved, complete relief of cyan- 
osis has not been achieved in this child. 

Follow-up ranges from 2 to 28 months (mean, 
16 months). The postoperative functional status 
has improved in all patients. They are all in 
sinus rhythm. 


Comment 
In the majority of patients with tricuspid atresia 
and normally related great arteries, obstruction 
to pulmonary blood flow, if not present at birth, 
will appear during the natural history of the 
disease [9, 10]. As reported by Dick and as- 
sociates [4], if these infants are not operated on, 
they have only a 1096 chance of living beyond 
the first year of life. Usually, a systemic- 
pulmonary artery shunt is necessary as initial 
palliation within the first year of life. Although 
systemic- pulmonary artery anastomosis results 
in a respectable salvage rate in this group of 
patients, progression of pulmonary flow ob- 
struction related to the natural history of the 
disease and late deterioration of the shunts 
often require further surgical treatment [14]. 
In such patients, if not all the criteria for per- 
forming a conduit operation [3, 5] are met, 
palliative reconstruction of the right outflow 
tract, coupled if necessary with enlargement of 
the VSD, may be an alternative and useful sur- 
gical procedure. 

We think that palliative reconstruction of the 


right ventricular outflow tract is safe and effi- 
cient if some technical guidelines are followed: 


1. Detailed information about the possible 
sites of obstruction to pulmonary flow must be 
obtained preoperatively by cineangiography 
(injection of contrast medium in the left ventri- 
cle and outlet chamber or pulmonary arteries). 

2. At the time of operation through a vertical 
right ventriculotomy, the right outflow tract, 
pulmonary annulus, and pulmonary artery are 
inspected carefully and calibrated with Hegar 
dilators. Valve commissurotomy or patch en- 
largement of the pulmonary artery is performed 
if the diameter is less than the mean normal 
value of the diameter of the pulmonary valve 
ring calculated for the patient's weight [12]. 
We prefer to close the vertical ventriculotomy by 
an elliptical patch obtained from a Dacron tube 
whose diameter corresponds to the highest 
value of the pulmonary valve ring diameter 
calculated for the patient's weight [12]. 

3. The type of VSD must be defined carefully 
to determine its relationship to the conduct- 
ing tissue [1]: in enlarging a bulboventricular 
foramen, the bundle of His is avoided by in- 
cising the VSD at its anterosuperior margin. If 
the bulboventricular foramen has closed and 
the only communication between the primitive 
ventricle and the outlet chamber is through a 
VSD of the muscular type, it should be remem- 
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bered that the enlargement of such a VSD at its 
anterosuperior margin is very likely to produce 
a permanent atrioventricular block. Having in 
mind that a VSD is a dynamic structure and that 
calibration with Hegar dilators at the time of 
operation will overestimate its ultimate and real 
diameter, we enlarge it, if necessary, to accept a 
Hegar dilator whose diameter is equal to the 
mean normal value of the diameter of the pul- 
monary valve ring calculated for the patient's 
weight plus 2096 of this value. Following this 
rule, we have reestablished a satisfactory pul- 
monary flow with no instance of pulmonary 
hypertension. 

From the foregoing discussion and a consid- 
eration of the results obtained, the following 
conclusions have been reached: 


1. Palliative reconstruction of the right ven- 
tricular outflow tract has proved a safe and 
satisfactory procedure. 

2. We still advise a systemic- pulmonary ar- 
tery shunt as first palliation because it is an 
easier and safer surgical procedure to realize in 
small infants and children. 

3. In older patients when not all the criteria 
are met for performing a Fontan type of opera- 
tion, palliative reconstruction of the right ven- 
tricular outflow tract may represent an alterna- 
tive and useful surgical approach. 

4. We consider that this procedure in pa- 
tients with tricuspid atresia and diminutive 
pulmonary arteries has the best hope of in- 
creasing the size of the pulmonary arteries, thus 
creating a favorable anatomy for repair. When 
that is accomplished, a conduit operation con- 
necting the right atrium to the outlet chamber 
[6-8] where it was enlarged with the Dacron 
patch, can be performed (Patient 5) (see Table 
3). 
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Cardiovascular Status 


after Repair by Fontan Procedure 


Douglas M. Behrendt, M.D., and Amnon Rosenthal, M.D. 


ABSTRACT Patients surviving a Fontan operation 
experience dramatic symptomatic improvement, but 
concern remains about the long-term results of this 
operation. The clinical course and postoperative 
hemodynamic findings in 5 long-term survivors of 
the Fontan procedure from our institution are pre- 
sented. Attention is drawn to 3 patients who re- 
quired reoperation: 1 immediately for residual mild 
pulmonary stenosis, 1 for late onset complete heart 
block, and 1 for conduit valve stenosis. Review of 
our patients and those described in the literature re- 
veals that all have ascites and pleural effusions as a 
result of high venous pressures but that this is usu- 
ally a temporary problem. Late onset of obstruction 
to right atrial emptying has been reported in several 
patients in addition to ours. This raises serious con- 
cerns about the long-term fate of cloth conduits and 
porcine valves in this application. Although normal 
sinus rhythm has been thought to be essential for 
adequate pulmonary perfusion in these patients, it is 
interesting that several patients have tolerated atrial 
tachyarrhythmias, junctional rhythms, and even com- 
plete heart block without serious ill effects. 

We conclude that the Fontan procedure is ex- 
tremely effective in relieving symptoms at an opera- 
tive risk that is now acceptable, but these patients 
require very careful long-term follow-up because 
they are subject to a number of long-term complica- 
tions. 


Repair of tricuspid atresia by establishing con- 
tinuity between the right atrium and right ven- 
tricle or between the right atrium and pulmo- 
nary artery has become the procedure of choice 
in the treatment of symptomatic patients. Sur- 
vivors have had gratifying improvement in 
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their symptoms [10, 12, 13], and, with appro- 
priate selection of patients, the operative mor- 
tality has been reduced from 50 to 15% [3, 11]. 
Considerable concern remains, however, about 
the long-term effects of this operation. The 
purpose of this report is to describe the clinical 
course and postoperative hemodynamic find- 
ings in 5 long-term survivors of the Fontan pro- 
cedure at our institution. Reports from the liter- 
ature on long-term follow-up are also reviewed. 


Material and Methods 

Between 1974 and 1979, 9 patients at our in- 
stitution underwent repair of tricuspid atresia 
or related cardiac anomalies by modified Fon- 
tan procedures. The hospital records, operative 
reports, cardiac catheterization data, and 
noninvasive studies on all patients were re- 
viewed. The diagnoses were as follows: tricus- 
pid atresia, 5 patients; tricuspid atresia with 
D-transposition of the great arteries, 1; and 
single ventricle with D-malposition or L- 
malposition of the great arteries, 3. Age at oper- 
ation ranged from 7.6 to 18.4 years. Six of the 9 
patients survived. Death in 3 patients was 
shown at postmortem examination to be re- 
lated to an unrecognized associated cor triatri- 
atum in 1, marked narrowing of a right atrial 
to conduit anastomosis suture line in 1, and 
technical problems in taking down bilateral 
Blalock shunts in 1. Of the 6 survivors, 1 (Pa- 
tient 6) was operated on recently. The 5 long- 
term survivors have been followed from 34 to 60 
months. Postoperative cardiac catheterization 
was performed in each. Serial chest roentgeno- 
grams and electrocardiograms were obtained 
in all. The pertinent clinical findings, operative 
procedures, and subsequent course are shown 
in Table 1. At last follow-up 3 patients were 
categorized in New York Heart Association 
(NYHA) Functional Class II and 2 patients in 
Class I. Two of the 5 patients (Patients 1, 3) 
continue to be on a regimen of digoxin or di- 
uretics or both. 
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Table 1. Clinical Findings, Operative Procedure, and Course of 6 Patients 


with Tricuspid Atresia who Survived a Fontan Operation 


Func- 
Patient Operation Follow-up Course tional 
No. Diagnosis (yr) (yr) Operations Residua/Sequelae Class 
1 TA, ASD, VSD, PS 15!/5 18e RA — RV conduit Small VSD; mild PS; I 
with porcine valve; mild pulmonary 
pericardial patch regurgitation 
tor RV outflow and 
annulus; VSD and 
ASD closure 
2 TA, ASD, VSD, PS 9 13!A2 RA — RV conduit Small VSD; mild PS; I] 
with porcine valve; CHB, 3 yrs postop, 
pericardial patch s/p pacemaker im- 
across PV annulus plantation 
3 TA, L-TGA, PS, 81/2 11! RA — MPA conduit Congestive heart fail- II 
ASD, VSD, s/p with porcine valve; ure 8 months 
Blalock-Taussig closure of ASD; li- postop secondary 
shunt gation of Blalock- to stenosis of por- 
Taussig shunt and cine valve, s/p 
pulmonary artery valve replacement 
4 Single V, TA, ASD,  18!/ 221/6 RA — MPA conduit Ventricular ectopy I] 
RV outflow with porcine valve; with couplets on 
chamber, L-TGA, closure of ASD; li- exercise; transient 
PS, s/p Blalock- gation of Blalock- atrial flutter and 
Taussig shunt Taussig shunt fibrillation 
5 TA, ASD, VSD 177/12 227/12 Resection of mem- Suicide attempt I 
branous TA; por- 
cine valve at RA 
and IVC junction; 
ASD closure 
6 TA, Ebstein's 18/12 18/6 RA — RV pericardial No tachyarrhythmias 


anomaly, VSD, 
ASD, WPW, s/p 
Blalock-Taussig 
shunt, supra- 
ventricular tachy- 
cardias 


conduit; section of 
right accessory 
conduction path- 
way 





NYHA = New York Heart Association; TA = tricuspid atresia; ASD = atrial septal defect; VSD = ventricular septal defect; PS = pulmonary 
stenosis; RA = right atrium; RV = right ventricle; PV = pulmonary valve; CHB = complete heart block; s/p = status post; L-TGA = levo 
transposition of the great arteries; MPA = main pulmonary artery; V = ventricle; IVC = inferior vena cava; WPW = Wolff-Parkinson-White 


syndrome. 


Reoperation was required in 3 patients at 
intervals of three hours, 8 months, and 4 years, 
respectively, following the initial Fontan pro- 
cedure. Because the complications encountered 
in each of these patients represent an important 
potential cause of death, a brief case presenta- 
tion is provided for each. 


Reoperation for Pulmonary Valve Stenosis 

In addition to tricuspid atresia and a 
moderate-sized ventricular septal defect, Pa- 
tient 1 also had severe valvular and infundibu- 
lar pulmonary stenosis (see Table 1; Fig 1A). At 
operation, the moderate-sized right ventricle 
was opened widely longitudinally and the 2 cm 


ventricular septal defect that was found was 
closed with a patch. The pulmonary valve was 
enlarged by incising the commissures. The 
distal end of the 25 mm Hancock conduit, 
widely spatulated, was used to close the right 
ventricular incision, thereby enlarging the cav- 
ity considerably. An atrial septal defect was 
patched, and finally the spatulated proximal 
end of the conduit was sutured to the atrial 
incision. Bypass was discontinued without 
difficulty. Pressure measurements revealed a 
pressure gradient of 12 mm Hg across the pul- 
monary valve. This was thought to be unre- 
markable in view of the expected contribution 
to flow from the right ventricle, which had been 
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Fig 1. (Patient 1.) (A) Anatomy, (B) initial operative re- 
sult, and (C) final operative result after revision three 
hours later. Pressures in (B) are those recorded in the 
operating room. 


included in the repair (Fig 1B). The wound was 
closed, and the patient was returned to the in- 
tensive care unit. 

Within three hours, it became evident that 
the cardiac output was low with a recorded 
central venous pressure of 21 mm Hg. The pa- 
tient was returned to the operating room, and 
repeat pressure measurement showed that the 
venous pressure exceeded 30 mm Hg with a 
persistent 12 mm gradient across the pulmo- 
nary valve. Our impression was that because of 
the residual pulmonary stenosis, the heart re- 
mained sufficiently dilated to cause compres- 
sion of the anterior conduit by the sternum. Ac- 
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cordingly, bypass was reinstituted and a large 
pericardial gusset was used to enlarge the pul- 
monary annulus (Fig 1C). The Hancock conduit 
was tailored to reduce the amount of anterior 
bulging, and the sternum was left open but 
covered by skin flaps for two weeks. After a 
prolonged postoperative course, the patient 
gradually improved and 3 years later is without 
physical limitation and attending college. 


Reoperation for Late Onset Complete Heart Block 
Severe valvular and infundibular pulmonary 
stenosis and a moderate-sized ventricular sep- 
tal defect were present in Patient 2 (see Table 1; 
Fig 2A). At operation, the right ventricle was 
estimated to be 5096 of normal size. There were 
1.5 cm ventricular and atrial defects, each of 
which was closed with a patch. The distal end 
of a Hancock conduit was sutured into a long 
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Fig 2. (Patient 2.) (A) Anatomy, (B) initial operative re- 
sult, and (C) final operative result after immediate revi- 

sion. Pressures in (B) are those recorded in the operating 
room. 


right ventricular incision so as to relieve the 
infundibular stenosis and enlarge that cham- 
ber. The pulmonary valve stenosis was not 
considered severe. When an attempt was made 
to discontinue bypass, the right ventric- 
ular outflow gradient was 50 mm Hg and the 
atrial pressure was 70 mm Hg (Fig 2B). There- 
fore, bypass was reinstituted, and a large patch 
was placed across the pulmonary valve annu- 
lus (Fig 2C). With this, the right ventricle- 
pulmonary artery gradient fell to 10 mm Hg, 
and the patient recovered satisfactorily. There 
were no conduction disturbances in the imme- 
diate postoperative period. 


Y 





Cardiovascular Status after Fontam Procedure 


The child was asymptomatic and in normal 
sinus rhythm on follow-up examination 3 years 
after repair. Five months later, while at school, 
she had a syncopal episode and a pulse rate 
obtained by the nurse was 32 beats per minute. 
Or questioning, the patient believed her heart 
rate had been slow for several months. She was 
asymptomatic on admission but an electrocar- 
diogram showed complete heart block with a 
rate of 32 beats per minute (Fig 3). A sequential 
lef* atrial-left ventricular epicardial pacemaker 
was implanted, and the patient has done well 
subsequently. 


Reoperation for Porcine Valve Calcification 

The defects in Patient 3 were repaired initially 
by insertion of a 16 mm Hancock tubular pros- 
thesis between the right atrial appendage and 
the main pulmonary artery, closure of the 
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Fig 3. (Patient 2.) Postoperative sinus rhythm (top) and 
subsequent development of complete heart block (bot- 
tom). Fontan procedure was performed on November 6, 
1975. 


Blalock-Taussig shunt and a patch repair of the 
atrial septal defect (Fig 4A, B). Postoperatively, 
the patient did well for 8 months, but then de- 
creased exercise tolerance, nausea, and ascites 
gradually developed. Physical examination 13 
months postoperatively revealed a lethargic, 
plethoric child with no cardiac murmurs, bi- 
lateral pleural effusions, and marked ascites. 
Cardiac catheterization disclosed obstruction to 
right atrial emptying due to stenosis of the 
porcine valve (Table 2; Fig 5). At reoperation, 
the densely scarred porcine valve and associ- 
ated conduit were excised and replaced with a 
20 mm Hancock conduit (Fig 4C). After a slow 
recovery, the patient has done well. 


Long-Term Results 

At postoperative cardiac catheterization 12 to 20 
months after repair, resting systemic venous 
hypertension was present in each of the pa- 
tients (see Table 2). Isometric exercise in Patient 
1, using a handgrip dynamometer at 50% of 
maximal voluntary capacity, resulted in a fur- 
ther increase of right atrial mean pressure from 
15 to 23 mm Hg. The increased systemic venous 
pressure in our patients was associated with a 
systolic pressure gradient of 5 to 7 mm Hg 
across the right ventricular outflow tract in 2 
(Patients 1, 2), a diastolic pressure gradient of 2 
to 15 mm Hg across the porcine valve in 4, and 
increased left ventricular end-diastolic pressure 








in 3 (Patients 1, 2, 4). A small residual ven- 
tricular septal defect was demonstrated by oxy- 
gen saturation, angiography, or both methods 
in Patients 1 and 2 and pulmonary regurgitation 
in Patient 1. Mild systemic arterial oxygen un- 
saturation was present in each patient. The car- 
diac index was low in all patients (see Table 2). 

Postoperative serial chest roentgenograms 
disclosed normal to mildly enlarged heart size 
and normal pulmonary vascularity in each of 
the patients. Serial standard electrocardiograms 
showed normal sinus rhythm in 3, transient 
supraventricular tachycardias in 1, and late 
onset of complete heart block in 1 (see Fig 3). In 
Patient 4, treadmill exercise test revealed ven- 
tricular ectopy at a low level of exercise (Fig 6). 
In Patient 3, a Holter monitor disclosed in- 
frequent premature atrial beats (less than 6 per 
minute). Liver function studies obtained 2 
years or more after operation show mild eleva- 
tion of total bilirubin and liver enzymes in 3 of 
the 5 patients (Patients 1, 2, 3). 


Comment 

Patients who have survived the Fontan opera- 
tion experience a dramatic improvement in 
symptoms [10, 12, 13]. The improvement is 
usually long-lasting, with current follow-up 
extending more than 5 years. Most of these pa- 
tients were severely limited and hypoxic when 
operated on and are now in NYHA Class I or 
Class II. Nonetheless, there is serious concern 
over several issues. Can the right atrium func- 
tion indefinitely as the pumping chamber for 
the lungs? What may the consequences be of 
prolonged venous hypertension on the body as 
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Fig 4. (Patient 3.) (A) Anatomy, (B) initial operative 
procedure, and (C) operative result prior to excision and 
replacement of conduit and porcine valve. 


a whole and on the liver in particular? What is 
the long-term fate of extracardiac conduits used 
in the repair? 

The early postoperative course following the 
Fontan procedure or one of its modifications 
varies from benign to very difficult. Most re- 
ported patients experienced pleural effusions, 
ascites, and hepatomegaly [11]. These compli- 
cations are presumed to be a consequence of 
high venous pressure leading to the escape of 
plasma from the vascular system. This problem 
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is greatly aggravated by even minor degrees of 
obstruction to right atrial emptying. Such 
obstruction may be caused by persistent mild 
pulmonary stenosis in instances when the pul- 
monary valve has been incorporated in the re- 
pair, by stenosis of the prosthetic valve, or by 
obstruction at any of the suture lines. 

These observations suggest that one of the 
causes of the difficult postoperative course re- 
ported in some patients may be related to rela- 
tively minor imperfections in surgical tech- 
nique. It has been hoped that incorporating the 
hypoplastic right ventricle in the repair would 
allow the operation to be performed in the 
presence of mild pulmonary valve stenosis or 
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Table 2. Preoperative and Postoperative Hemodynamic Data 
in Long-Term Survivors following Fontan Procedure 


——————— ——— — —— M ——— — —— — ———————77 


Preoperative 





Postoperative 


Pa- 

tient Age SaO, RA RV PA LV Age SaO, RA RV PA LV CI 

No. (yr) 9o (mm Hg) (mm Hg) (mm Hg) (mm Hg) (yr) % (mm Hg) (mmHg) (mm Hg) (mm Hg) (L/min/m’) 
1 1325 74 10/5 (6) 110/12 116/12 165/6 94 17/16 (15) 36/15 29/14 (19) 123/14 1.9 

2 81/3 78 (8 105 23/11 (8) 106/8 10 92 20/15 (15) 25/13 20/10 (13) 118/12 2.48 

3 81/12 79 10/3 (7) Mp 118/10 93/4 92 28/13 (23) 137 (10) 110/7 1.1° 

4 18'/12 84 10/8 (9) hy 18/15 (15) 104/8 19!!/12 94 17/15 (16) 14/11 (13) 11411 22? 

5 17!/2 83 1513 (11) 31/10 30/11 (6) 107/8 19 "6 94 18/6 (12) 16/8 15/8 (11) 115/8 1.9? 





“Using an assumed oxygen concentration. 
"While conduit obstructed. 


SaO; = systemic arterial oxygen saturation; RA = right atrium; RV = right ventricle; PA = pulmonary artery; LV = left ventricle; CI = cardiac index. 
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Fig 5. (Patient 3.) Withdrawal pressure tracing showing 
obstruction at porcine valve. 





higher levels of pulmonary vascular resistance. 
Our experience with Patient 1 suggests that this 
is not the case. However, postoperative studies 
have shown a "ventricular kick" in the pulmo- 
nary artery tracing of most patients in whom 
the right ventricle has been incorporated [2], 
and the right atrial and venous pressures in 
such patients have been somewhat lower than 
those in patients without a right ventricle [1, 
11]. 

In patients who survive this initial 
postoperative period, some compensatory 
mechanisms develop that allow them to tolerate 
systemic venous hypertension without concomi- 
tant ascites or pleural effusions. Whether or not 
major hepatic dysfunction will develop as a re- 
sult of prolonged venous hypertension is not 
yet clear. Three of our long-term survivors have 
chronically elevated serum bilirubin and liver 
enzymes but the patients reported by Bjork and 
associates [1] do not. 
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Fig 6. (Patient 4.) Ventricular ectopy (couplets) induced 
by exercise on treadmill on August 19, 1979. Fontan 
procedure was done February 6, 1976. 


The late onset of obstruction to right atrial 
emptying from conduit deterioration is a seri- 
ous complication. Obstruction may be second- 
ary to heavy tissue ingrowth [3] or calcification 
of the porcine valve in a Hancock prosthesis (as 
in our Patient 3), to calcification of a pulmonary 
artery irradiated homograft [5], to fibrosis of a 
“homemade” porcine valved conduit [11], or to 
thrombosis of a Hancock prosthesis when a pa- 
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tient becomes severely dehydrated [7]. Several 
of these patients in addition to ours underwent 
successful reoperation [3, 7]. Although Fontan 
believes that homografts may function better 
than the Hancock conduits in the venous sys- 
tem, previous experience has indicated that 
preserved homografts eventually calcify and 
must be removed [8, 9]. Therefore, most sur- 
geons currently prefer to use either a cloth tube 
conduit, with or without a porcine valve, or a 
pericardial conduit. The long-term fate of these 
cloth conduits in the venous system remains 
unknown, however, and patients must be fol- 
lowed closely for signs of conduit stenosis. 
Normal sinus rhythm has been thought to be 
essential for adequate pulmonary perfusion in 
the immediate as well as the long-term post- 
operative course. Concern has been expressed 
about the possibility that high venous pressure 
with consequent right atrial hypertrophy might 
provide the setting for atrial tachyarrhythmias 
and that these might prove fatal. In this regard 
it is interesting that one of our patients (Patient 
4) had several episodes of atrial fibrillation 
during the immediate postoperative course, 
which were well tolerated except for some in- 
crease in fatigue. He continues to have some 
short bursts of supraventricular tachycardia, 
but they cause no symptoms. Ross and Somer- 
ville [10] reported a similar case. Their patient 
experienced atrial tachyarrhythmias post- 
operatively; he felt unwell but tolerated the ar- 
rhythmia for some hours without major prob- 
lems. Probably atrial ectopy will be recognized 
with greater frequency as a sequela of the 
Fontan procedure, particularly if patients are 
carefully monitored or exercised. Many patients 
also have tolerated nodal rhythms following the 
Fontan procedure [4, 11, 12]. Our Patient 2 tol- 
erated complete heart block with a ventricular 
rate of 32 beats per minute quite well. The 
onset of complete heart block in this patient 
more than 3 years after repair is, to our knowl- 
edge, probably the first reported instance (see 
Fig 3). It further illustrates the vulnerability of 
these patients to the development of conduc- 
tion disturbances and the need for prolonged 
and careful follow-up, including electrophys- 
iological investigations. The experience with 
dysrhythmias postoperatively in patients to 


date does not support the concept that syn- 
chronized atrial contractions are essential fol- 
lowing the operation. Ventricular ectopy, pres- 
ent in our Patient 4, is probably the result of 
lonz-standing left ventricular dysfunction. Pre- 
operative left ventricular abnormalities in older 
patents with tricuspid atresia include in- 
creesed end-diastolic pressure, increased end- 
diastolic volume, diminished ejection fraction, 
myccardial ischemia, muscle hypertrophy, and 
fibrosis [6]. Some of these changes may not be 
reversible after repair. Indeed, a number of 
our patients have persistent elevation of left 
ventricular end-diastolic pressure at rest. The 
left ventricular hypertrophy and dysfunction, 
courled with diminished coronary flow asso- 
ciated with low cardiac output, may lead to in- 
creased vulnerability to ventricular ectopy. 

A summary of some of the long-term residua 
and sequelae after the Fontan procedure or its 
modification follows. 


Right-sided obstruction to flow 
Narrow anastomosis of either end of conduit 
Residual pulmonary valve stenosis when 
right ventricle is used 
Porcine valve or homograft calcification 
Thrombosis of conduit 
Fibrosis of Dacron tube 


Intracardiac and extracardiac shunts 
Right to left through 
interatrial leak 
intrapulmonary shunts 
Left to right through 
residual ventricular septal defect 
incomplete aortopulmonary shunt or pul- 
monary artery ligation 
extensive aortopulmonary collaterals 
Atrial cr ventricular arrhythmias 
Complete heart block 


System:c venous hypertension 
Liver dysfunction 
Varicose veins 


Although further experience undoubtedly will 
uncover other complications, the overall bene- 
fits from the operation make it at present the 
procedure of choice for children with tricuspid 
atresia cr related disorders. 
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microfibrillar collagen hemostat 
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formation may occur. Avitene forms an adhesive physiologic platelet plug 
which controls bleeding without damaging vital tissue. 
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and oxidized cellulose, controls bleeding without interfering with bone healing. 
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Saves blood—saves time 


General Surgery 


Controls bleeding from vascular and 
friable tissues 


Effective in multifocal bleeding 


Cardiovascular Surgery 
No stenotic effect on vascular anastomoses 
Controls bleeding from sternotomy 
Effective in heparinized patients 
Controls high pressure bleeding 


Orthopedic Surgery 
No interference with bone healing 
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and cavities 


Gynecologic Surgery 
Controls bleeding from vaginal and 
bladder muscularis 


Avoids tissue trauma resulting from 
excessive suture ligation 


Neurosurgery 
Remains adherent during suctioning 
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Minimal foreign body reaction 
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Description: Avitene** (Microfibrillar Collagen Hemostat, or 
MCH) is an absorbable topical hemostatic agent prepared as a 
dry, sterile, fibrous, water insoluble partial hydrochloric acid salt of 
purified bovine corium collagen. In its manufacture, swelling of 
the native collagen fibrils is controlled by ethyl alcohol to permit 
noncovalent attachment of hydrochloric acid to amine groups on 
the collagen molecule and preservation of the essential morphol- 
ogy of native collagen molecules. Dry heat sterilization causes 
some cross-linking which is evidenced by reduction of hydrating 
properties, and a decrease of molecular weight which implies some 
degradation of collagen molecules. However, the characteristics of 
collagen which are essential to its effect on the blood coagulation 
mechanisms are preserved. 

Indications: Avitene (MCH) is used in surgical procedures as an 
adjunct to hemostasis when control of bleeding by ligature or con- 
ventional procedures is ineffective or impractical. 
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reduce the bond strength of methylmethacrylate adhesives. MCH 
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High performance an 


Now there’s a new standard of performance and- a 
reliability in oxygenators. The Elliptical Model H-1500 ~ 


Oxygenator from William Harvey. 


Based on design principles of the proven Model : 





H-1000, our new Model H-1500 features innovative 


improvements in the oxygenating column 
and integral heat exchanger. 

The H-1500 employs elliptical tubes to 
achieve a new level of gentleness and 
effectiveness in the oxygenating and heat 
exchange pathways. 

As a result, O2 and CO: transfer rates 
are unmatched by any other oxygenator. 
And gas-to-blood flow ratios are greatly 
reduced. 

Another benefit of the H-1500 is 
extremely rapid heat exchange which 
substantially reduces re-warm time. 








The Elliptical Model H-1500. 
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pP And, while gas 
transfer and heat exchange 
efficiency have been significantly 


increased, priming volume has been 





dramatically reduced. 


Convenience has also been enhanc- 
ed with a complete line of accessories, 
including temperature probes, quick dis- 
connect couplings and an anesthetic 
gas scavenger. 

The new Elliptical Model H-1500 Oxy- 
genator from William Harvey. Featuring high 
performance never before available. And real 
reliability. 

Its meant to impress you. 

For information contact your William 
Harvey representative or Call Toll Free 
800/854-3917. In California call 714/835-2422 


WILLIAM HARVEY. A Division of C.R. Bard. Inc.. 1425 S. Village Way, Santa Ana, Califomia 92705 
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Medical Device Development: 
Innovation versus Regulation 


Alan L. Kaganov, Sc.D. 


ABSTRACT 
medical devices has been an important factor in the 
practice of health care in the United States. How- 


Innovation in the development of 


ever, in a climate of increasing federal regulation, 
concern is expressed that such regulation can inhibit 
scientific creativity in the medical device industry. 
Several examples of the impact of increasing regula- 
tion in the discovery and development of new drugs 
are presented. Increasing regulation will divert re- 
search dollars from discovery efforts to regulatory 
maintenance. Surgeons can participate in the regu- 
latory process by informing the public and the gov- 
ernment on issues regarding safety and effectiveness 
of medical devices. 


The climate for scientific innovation is a tradi- 
tion in the United States that involves and in- 
corporates all the technical resources we pos- 
sess. I include in our country's technical re- 
sources the practicing surgeons, the industrial 
researchers, and the academicians, who to- 
gether have brought health care to the place it 
now occupies. While the accomplishments of 
the past have been truly important, it is of con- 
cern to us all to assure that the future can be as 
productive. 

Dr. Arthur C. Beall, Jr. [1], Professor of Sur- 
gery, Baylor College of Medicine, expressed 
this concern in 1977. After reflecting on the de- 
velopment of the prosthetic heart valve and its 
effect on cardiac disease, he wrote: "It would 
seem unthinkable to return to the relatively in- 
effective surgical operations of the late 1950s 
with their very high mortality rates, yet there is 
an undercurrent of opinion within the United 
States that we should never have left that era" 
[1]. 

It is important to consider why public opin- 
ion should gravitate to this regressive level. 
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One reason is that segments within our popu- 
lation believe that this progress comes at too 
high a price to society, and they speak loudly 
and directly to congressional legislators to in- 
hibit these developments. In general, their 
charecterization of progress is cast in a negative 
sense, detailing failures rather than successes. 

Dr. Beall noted that in hearings before the 
Senate Subcommittee on Public Health and 
Welfare (January 29, 1974), testimony was given 
that more than 500 persons had died because of 
the use of defective heart valves. Yet, little or no 
consideration was given to the fact that more 
thar. 200,000 people were alive who otherwise 
might have been dead, along with the 500, had 
not those so-called defective heart valves been 
used. 

Recently, I participated as an industrial rep- 
resentative in a roundtable discussion held by 
the National Materials Advisory Board of the 
Nazional Research Council to explore what role 
the government should play in the develop- 
ment of new implants. The government's repre- 
sentative came from the National Bureau of 
Stendards. The reason for his participation was 
the bureau's tradition for work in failure analy- 
sis. The Bureau of Standards suggests that it can 
make a unique contribution by providing stan- 
derds, test methods, and a data base on im- 
plants. However, in order to create a stronger 
cese for funding, a disproportionate emphasis 
is placed on risks and hazards, with a lesser 
consideration of patient benefits. Implant fail- 
ure data, when presented in an unbalanced 
manner, can affect public and legislative opin- 
ion. Far fewer than 1% of implants fail, but very 
few critics study the 9996 that function as suc- 
cessful devices. 

The National Center for Health Care Tech- 
nology (NCHCT) is a newly organized activity 
within the Department of Health, Education, 
and Welfare. Its charter is to conduct and coor- 
dinate assessments of various health care 
:echnologies, and to provide advice on the ap- 
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propriate use of new and existing technologies. 
Among its specific functions are to determine 
cost-effectiveness and cost/benefit of current 
and developing technologies, and to provide 
government agencies that have reimbursement, 
regulatory, or other responsibilities with an 
evaluation of health care technologies. Coro- 
nary bypass operation is a technology that is 
currently under study, and NCHCT recom- 
mendations will be forthcoming that may di- 
rectly affect surgeons in the selection of this 
mode of treatment versus nonsurgical alterna- 
tives. 

The Medical Device Amendments were 
enacted in 1976 to control the development and 
usage of medical devices. It is not our purpose 
to throw stones at the Amendments since some 
regulation is beneficial. It is more important to 
be concerned with specific regulations that will 
be forthcoming from the Food and Drug Ad- 
ministration (FDA) in the implementation of 
the Medical Device Law. The regulations are 
published in the form of proposals in order to 
elicit comments from affected groups. Too fre- 
quently, the draft form takes a “worst case” ap- 
proach in framing the regulation. For example, 
excessive concern over heart valve failures 
could distort the risks and benefits of the 
valve's successes. It must be the role of leaders 
in the health care field to speak out and be 
heard about the benefits of implanted devices. 
The Medical Device Amendments of 1976 and 
the potential impact on device innovation 
should be considered by reviewing the effect 
that the Kefauver Amendments to the Food, 
Drug, and Cosmetics Act in 1962 had on phar- 
maceutical innovation. 

The first step in the development of a new 
drug is the discovery, design, or synthesis of a 
new chemical entity (NCE). Real innovation 
could be measured qualitatively at stages such 
as first synthesis, pharmacological studies, 
toxicological screening, and first administration 
into humans. However, this information is not 
in the public domain, and regulatory filings 
such as investigational new drug (IND), new 
drug application (NDA), and NDA approvals 
are more accessible. 

Figure 1 shows the average annual number of 
NCEs approved by the FDA from the late 1950s 
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Fig 1. Average annual number of new chemical entities 
approved by the Food and Drug Administration. 


through 1975. NCEs are the most relevant cate- 
gory of new products because they represent 
new compounds not previously marketed and 
include nearly all major therapeutic advances. 
New products that are not NCEs involve com- 
binations of existing products, new dosage 
forms, or new brand names. Despite year to 
year fluctuations, the trend in NCEs over recent 
years is downward. As noted previously, the 
Kefauver Amendments were enacted in 1962, 
and the post-Amendment period has been 
characterized by a sharp decline in NCEs. From 
1950 through 1961, the annual rate of NCEs in- 
troduced was fifty-six. Since 1962, the average 
annual rate of NCEs introduced has been se- 
venteen [2]. 

Also of concern is the decline in the number 
of companies engaged in research since 1962. 
Between 1958 and 1962, an average of 114 com- 
panies introduced NCEs each year, new com- 
binations of, or other variations on existing 
products. From 1968 to 1976, the average fell to 
less than 50 [4]. 

Figure 2 reveals the trend for an increasing 
number of NCEs to be first studied abroad. 
Similarly, the decline in the role of the United 
States in this activity is shown graphically. 

Also, during the last 10 years, many new 
drugs were marketed abroad initially, some- 
times years before they were available in the 
United States. Three out of four new drugs de- 
veloped by American companies first helped 
patients outside the United States. Some have 
yet to appear on the American market. Figure 3 
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Fig 2. Relationship between the number of new chemi- 
cal entities (NCE) studied first in the United States and 
those studied abroad from 1963 to 1974. (From Lasagna 
L, Wardell WM: The rate of new drug discovery, in 
Drug Development and Marketing. Edited by RB 
Helms. Washington, DC, American Enterprise Institute 
for Public Policy Research, 1975, p 157.) 
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Fig 3. Number of new chemical entities produced by 
United States companies and evaluated in the United 
States and abroad. 


illustrates that American companies have found 
it increasingly to their advantage to conduct 
more clinical research abroad [5]. 

Figure 4 demonstrates that the result of in- 
creasing regulation has extended the total de- 
velopment cycle of new drugs. The average 
lengths of the regulatory stages for successful 
NCEs (those with NDA approval) are graphed. 
The duration of the IND stage is defined as the 
mean time from IND filing to NDA submission; 
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Fig 4. Total development cycle for new drugs in months 
from mvestigational new drug (IND) filing to submis- 
sion of new drug application (NDA) and from NDA 
submssion to NDA approval. Total is the mean time 
from ND filing to NDA approval. These stages repre- 
sent cpproved NDAs by year of NDA approval. 


the NDA duration as the mean time from NDA 
submission to NDA approval; and the total 
time as the sum of these two. The mean dura- 
tion time of the IND phase rose from 17 months 
for :hose INDs receiving approval in 1966 to a 
plateau of 40 months in 1971, after which it re- 
mained fairly constant through 1974. The mean 
NDA duration showed a steeper initial rise 
from 14 months in 1966 to 43 months in 1969, 
and then declined to a mean level of approxi- 
mately 21 months through 1974. Thus, the total 
time required for clinical investigation and ap- 
proval of a successful NCE in the United States 
rose from 31 months in 1966 to a peak of 71 
months in 1969. The mean times for 1974 to 1975 
were as follows: IND, 48 months; NDA, 24.5 
months, and total, 72.5 months [5]. 

The cost to the manufacturer of bringing a 
new product to the market is running now 
about $10 million to $20 million per successful 
product, a huge increase over 10 years ago. The 
time required for clinical study and approval of 
a new drug rose from an average of 2.5 years in 
1965 to 6 years in 1973 [4]. It cannot be said that 
the sole causes of the decline in drug innova- 
t:on stem from the Drug Amendments of 1962 
and ensuing regulations, but they have, with- 
cut question, been important contributing fac- 
tors. Certainly, the increased cost and expertise 
required to comply with the device law will 
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Rates of Growth in Costs for Areas 
of Regulatory Compliance 


Average 
Growth 
Rate 
Category (Percent) 
R&D efforts devoted to proposed 19.3 
legislation 
R&D efforts on OSHA requirements 16.0 
R&D efforts devoted to environmental 15.4 
considerations 
R&D efforts on product safety 10.0 
R&D efforts on other government reg- 9 


ulations 


R&D = research and development; OSHA = Occupational 
Safety and Health Administration. 


make small manufacturers consider it to their 
advantage to merge with larger ones. This trend 
is already well underway. 

The higher cost of regulatory compliance af- 
fects corporate funds available for product re- 
search. The Table shows typical rates of growth 
in costs for areas of regulatory compliance [3]. 
Money spent on excessive regulatory require- 
ments must be subtracted from other more pro- 
ductive research programs since overall corpo- 
rate research and development funding is not 
growing. Industry envisions an ever increasing 
portion of the research dollar being spent on 
regulatory compliance. While it is the so-called 
basic research that kept the United States in the 
forefront of innovation, this segment is most 
vulnerable to deletion by business managers in 
a climate that is becoming increasingly more 
regulatory. The higher cost of compliance also 
will result in higher prices for all devices. Ulti- 
mately, these increases will be passed on to the 
recipient of the health care. 

Regulations within the Medical Device Act 
should be of concern to all clinical surgeons. 
FDA control of intraocular lens clinical trials is 
of particular interest. On September 30, 1977, 
the FDA published, in the Federal Register,* 
guidelines intended to establish controls over 
the implantation of all intraocular lenses. Since 


*Federal Register 42:No. 190:5280, 1977. 
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that time, each lens implanted is, in effect, a 
clinical trial case. An estimated 100,000 pa- 
tients will receive lenses each year. Ophthal- 
mic surgeons continue to implant intraocular 
lenses, and the additional cost burden of clini- 
cal record keeping is passed on to the recipient 
of the implant. Moreover, each implant surgeon 
is required to gain approval of an institutional 
review board (IRB). 

As regulations appear in the Federal Register, 
surgeons should comment individually or as 
groups. One regulation that affects implant- 
using surgeons is that which established the 
IRB. IRB procedures have been required since 
1971 for all new drug products for humans. 
Proposed new regulations for IRBs were issued 
on August 14, 1979* and include the clinical in- 
vestigation of all devices intended for human 
use. 

The FDA, as stated in the new regulation, 
believes there should be similar practices 
whether the clinical investigation involves 
drugs or devices. In addition to the generally 
accepted purposes of IRB review of clinical in- 
vestigations, the FDA seeks two new goals in 
the proposed regulation. First, IRB review will 
provide ongoing evaluation of an investigation 
to assess conformity with the approved pro- 
tocol. Second, the continuing scrutiny by the 
IRB will provide the FDA with greater confi- 
dence in the quality and integrity of the data 
submitted. An IRB will be required to maintain 
precise records for a period of 2 to 5 years on 
each investigation. The FDA compliance pro- 
gram will require inspection and review of 
IRBs, and notification of deficiencies, dis- 
qualification of the data, or disqualification of 
the IRB. 

Another new regulation, issued in the Fed- 
eral Register of August 14, 1979," and under 
proposal, defines the obligations of clinical in- 
vestigators. The proposed regulation is in- 
tended to assure adequate protection of the 
rights and safety of persons involved in clinical 
investigations and the quality and integrity of 
the resulting data submitted to FDA. Again, the 
regulation will cover drugs and devices in a 


*Federal Register 44: No. 158:47698, 1979. 
* Federal Register 44:No. 158:47699, 1979. 
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similar fashion. Each participant must be in- 
formed that the device is experimental. Also, 
the FDA would expect the data recording for- 
mat to meet its specifications. Each clinical in- 
vestigation must be reviewed initially and con- 
tinually by an IRB. In the new regulations, an 
investigator must file a final report within 3 
months of the termination of the work. Again, 
the FDA has several compliance measures 
ranging from notification of deficiencies 
through disqualification or even recommend- 
ing prosecution of an investigator for violation 
of Federal Criminal Law. 

As proposed, the regulations require the in- 
vestigator to assure that the patient or his legal 
representative signs an agreement that includes 
a complete explanation of pertinent information 
concerning the investigational device adequate 
to enable him to make a decision on his will- 
ingness to participate, or permit the patient to 
participate. An investigator also shall provide 
to the sponsor, and to the IRB, a sample copy of 
any written materials given or read to the pa- 
tient, or his legal representative, regarding the 
information to be given, and a sample copy of 
any form used to document the consent of such 
patient, or his legal representative, which form 
shall have been approved by the committee. 

The proposed Investigational Device Exemp- 
tions (IDE) were initially presented on August 
20, 1976,* and were issued as a further effort to 
protect the public health through imposition of 
stringent regulatory controls. Reaction to this 
proposal was strongly negative since it imposed 
burdensome requirements on medical device 
manufacturers who were unfamiliar with regu- 
latory submissions that approach those neces- 
sary for a pharmaceutical IND. 

While IDE regulations are not yet im- 
plemented, the Bureau of Medical Devices ex- 
pects device manufacturers to begin compliance 
with certain rules that are certain to be incorpo- 
rated. All investigational studies must be done 
with an approved protocol. Informed patient 


*Federal Register 41: No. 163:35282, 1976. 


consent must be obtained. The investigational 
study must be approved by an IRB. 

Interested persons, such as surgeons, can 
have an impact on regulations. The FDA is ac- 
cessible, and all regulations discussed are pub- 
lished as proposals, with time established to 
permit comments by interested parties. The 
FDA reviews these comments and then consid- 
ers a revision of a proposed regulation or some 
component thereof. Interested persons and 
companies should subscribe to the Federal Re- 
gister so that they can keep abreast of the 
rapidly changing requirements in the medical 
device area. 

Interested persons and companies must work 
against a regulatory system that inhibits 
creativity, escalates the cost of research, esca- 
lates the cost of health care, and deprives pa- 
tients of devices that other countries will have 
first. They must convince public opinion of 
the importance of the criterion of maximum 
benefit to minimum risk. As Dr. Beall [1] asked: 
"Is it not time we physicians take the true story 
of the safety and effectiveness of heart valves 
(anc other medical devices, as well as drugs) to 
those who expect us to provide them with the 
best possible medical care? Unless we do so 
quickly and effectively, the quality of medical 
care available in this country may very well take 
a giant step backwards." 


References 

1. Beall AC Jr: Who protects our patients, and from 
what? Med Instrum 11:72, 1977 

2. Grabowski HG: Drug evaluation and innovation: 
empirical evidence and policy options. Washing- 
ton, DC, American Enterprise Institute for Public 
Policy Research, 1976, pp 17-18 


3. Manners GE Jr, Nason HK: The decline in indus- 


trial research—causes and cures. Int J Research 
Management 21:No. 5:8, 1978 

4. Stetler CJ: The medical device amendments of 
1976— prediction for the future (the eighth Arthur 
C. Beall, Jr., M.D., commemorative lecture. Med 
Instrum 11:190, 1977 

5. Wardell WM, Hassar M, Anavekar SN, et al: The 
rate of development of new drugs in the United 
States, 1963 through 1975. Clin Pharmacol Ther 
24:133, 1978 


Air Embolism and 


Other Accidents Using Pump Oxygenators 
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ABSTRACT A survey of 349 cardiac surgeons 
showed that during a six-year period, a pump oxy- 
genator accident serious enough to cause patient in- 
jury or death occurred once per 1,000 procedures. A 
total of 264 deaths occurred as a direct result of an 
accident. Air embolism and disseminated intravas- 
cular coagulation were the two most common prob- 
lems. Low-level alarm systems were reported to be 
used by 42% of the respondents and activated clot- 
ting times were used by 63%. Rigorous use of alarm 
systems and heparin monitoring could reduce the in- 
cidence of pump-related accidents. 


Accidents that are directly related to the misuse 
or mechanical failure of pump oxygenators have 
rarely been reported in the past [1]. On the 
other hand, the surgical literature contains a 
number of reports describing cerebral air em- 
bolism secondary to residual intracavitary air 
after valve replacement or repair of congenital 
defects [4, 6]. A few recent reports advocate the 
use of hyperbaric treatment for air embolism 
but fail to discuss prevention of the event [7, 8]. 
The actual frequency of accidents related to the 
use of pump oxygenators is not known. 

Recently, we were involved in the medical 
and medicolegal aspects of this problem when a 
patient in our hospital was injured by acciden- 
tal arterial line air embolism. To estimate the 
frequency of this problem, we sent a question- 
naire concerning pump oxygenator accidents to 
other surgical groups. We found that the inci- 
dence of an accident serious enough to produce 
patient injury or death occurs about once in 
1,000 procedures. 
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Material and Methods 
A questionnaire concerning techniques, safety 
precautions, and accidents related to pump 
oxygenators used in cardiopulmonary bypass 
operations was mailed to 1,700 cardiac surgeons 
primarily in the United States and Canada. The 
questionnaire asked about accidents during the 
six-year period from 1972 through 1977. A 
stamped return envelope was included as well 
as a cover letter explaining the purpose of the 
study and a provision for an anonymous reply. 
We received back 441 of the questionnaires. 
Of these, 92 could not be used principally be- 
cause the responding surgeon was not currently 
engaged in cardiac operations or the question- 
naire was incomplete for other reasons. There- 
fore, 349 completed responses form the basis for 
this report. 


Results 

During the six-year period from 1972 through 
1977, our respondents performed 374,819 oper- 
ations using a pump oxygenator. In 1977 alone, 
they did 98,602 procedures. This number in- 
cludes congenital, valve replacement, and coro- 
nary artery operations. The average number of 
operations for the 349 respondents in 1977 was 
283, with the highest being 4,074 and the low- 
est, 20. 


Perfusionists 

The total number of perfusionists used by the 
respondents was 965, and of these, 642 (66.5%) 
were certified. Seventy-six percent of the re- 
spondents stated that the perfusionists were 
employed by a hospital, 1596 stated that the 
perfusionists were employed by a surgeon or 
group of surgeons, and 6.4% replied that the 
perfusionists were self-employed. The other 
3% reported various combinations of employ- 
ment. Fifty-seven percent of the respondents 
used one perfusionist per operation, 33% used 
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two perfusionists, and 10% reported one or two 
per operation. 


Alarms and Activated Clotting Time 

A total of 321 respondents answered the ques- 
tion on low-level alarm systems. Of these, 136 
(42%) used an alarm system and 185 (58%) did 
not. Of the 136 using an alarm, 65 (4896) used 
an audible alarm plus an automatic shutoff for 
the pump oxygenator. Those using an alarm re- 
ported 196 episodes of air embolism, and those 
not using an alarm reported 229 episodes. 

The question concerning the use of activated 
clotting times (ACT) during bypass had 325 re- 
sponses. Two hundred four respondents (63%) 
used ACTs and 121 respondents (3796) did not. 
Those using ACTs reported 313 episodes of dis- 
seminated intravascular coagulation (DIC) and 
those who reported no use of ACTs reported 
only 57 episodes. 


Accidents 

The questionnaire included several questions 
concerning accidents related to the pump 
oxygenator. These inquired about the number 
of episodes of arterial line air embolism, me- 
chanical failure of the pump, electrical failure of 
the pump, DIC during or after bypass, anc 
oxygenator failure. The incidence of permanenz 
injury or death resulting from an accident was 
explored. The results of this part of the ques- 
tionnaire are summarized in Table 1. The-e 
were a total of 1,419 accidents resulting in 10 
permanent injuries and 264 deaths. Air em- 
bolism from the arterial line caused 92 dea-hs 
and DIC, 163. Mechanical, electrical, or oxy- 
genator failure was the cause of 9 deaths. 


Table 2. Miscellaneous Accidents 





Accident Incidence 





Ruptured arterial line or connector 19 


Air pumped into left ventricle 18 
thrcugh vent (reversed tubing) 


Oxy genator 
Leaked 
Clotted 
Pressurized 
Burst 
Contaminated 
Chemical injury 
Overheated blood 
Unable to rewarm 
Rupture of pulsatile assist device 
Reversed arterial and venous lines 


Total 
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The final question asked if there were any 
other accidents related to the pump oxygenator 
not covered in the questionnaire. A multitude 
of such problems were reported, one of the most 
common accidents being reversal of the tubing 
connected to the ventricular sump. This causes 
air to be pumped into the left ventricle. This ac- 
cident was reported eighteen times. Various 
problems related to the oxygenator were men- 
tioned as well as rupture of the arterial line or 
arterial line connectors. Rupture of a pulsatile 
assist device resulted in air embolism on three 
occasions. The miscellaneous accidents are 
summarized in Table 2. 

The following case reports illustrate three ac- 
cidents associated with a pump oxygenator. All 
occurred at St. Thomas Hospital. 


Table 1. Survey of Accidents during 1972 through 1977 among 375,000 Patients 





Permanent 

Accident Incidence Injuries Deaths 
Arterial line air embolism 429 61 92 
Disseminated intravascular coagulation 472 28 163 
Electrical failure 253 1 3 
Mechanical failure 141 
Oxygenator failure 124 6 2 

Total 1,419 100 264 
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Case Reports 

Patient 1 

A 62-year-old man with unstable angina of 
three weeks' duration was admitted to our hos- 
pital. Arteriography showed severe stenosis of 
the circumflex, anterior descending, and right 
coronary arteries. Using cardiopulmonary by- 
pass, vein bypass grafts were sutured to the 
circumflex and right coronary arteries. While 
the left mammary artery was being anas- 
tomosed to the anterior descending coronary 
artery, the arterial line suddenly was filled with 
air. The pump was stopped, and all possible air 
was evacuated from the aorta. The lines were 
refilled and the operation completed. The per- 
fusionist had failed to notice that the 
oxygenator reservoir was empty and had not 
used an available low-level alarm. The patient 
was decerebrate for ten days but ultimately re- 
gained speech and motor function. A negli- 
gence claim was brought against the hospital 
and surgeon and was settled out of court. Five 
years later, the patient was well but still had 
memory impairment. 

COMMENT. It is probable that the per- 
fusionist failed to notice a decrease in the vol- 
ume of blood in the reservoir during rewarming 
and allowed the oxygenator to be pumped dry. 
An alarm would have prevented the accident. 


Patient 2 

A 64-year-old woman with angina and tran- 
sient episodes of cerebral ischemia was hos- 
pitalized. Arteriograms showed stenosis of the 
left internal carotid artery, the left main coro- 
nary artery, and the right coronary artery. A 
combined operation was done. Prior to occlu- 
sion of the carotid artery, 5,000 U of heparin 
was administered and after the carotid endar- 
terectomy, 50 mg of protamine. The heart was 
then exposed by a sternotomy and after the pa- 
tient was heparinized, three bypass grafts were 
constructed using cardiopulmonary bypass. At 
the completion of the procedure, the blood did 
not coagulate after the administration of pro- 
tamine. Hematological studies showed throm- 
bocytopenia, elevated partial thromboplastin 
time, decreased fibrinogen, and elevated fibrin 


degradation products, all indicating severe 


DIG, In Site AK adkendniatration of heparin and cidents since individuals were P 


multiple transfusions of platelets, fresh plasma, 
and blood, the patient continued to bleed and 
died forty-eight hours later. ACTs were not 
used during the operative procedure. 

COMMENT. It is probable that the protamine 
neutralized some of the heparin given at the 
onset of bypass, and the operation was done 
with inadequate heparinization, which caused 
DIC. An ACT would have identified the prob- 
lem. 


Patient 3 

A 68-year-old woman with mitral insufficiency 
and congestive heart failure was hospitalized. 
She underwent mitral valve replacement with- 
out incident. At the completion of the opera- 
tion, the final 200 ml of blood in the reservoir 
was being given slowly. The reservoir level was 
below the low-level alarm sensor, which had 
been switched off. As the perfusionist reached 
across the console to adjust an intravenous line, 
he inadvertently advanced the arterial pump 
control knob, emptying the reservoir and 
pumping air into the aorta. The head of the pa- 
tient was lowered, the aorta was opened, and 
all air was evacuated. After a brief period of 
hypotension, the blood pressure returned to 
normal and the operation was completed. The 
patient never regained consciousness and died 
one week later. The family was given full in- 
formation about the death. 

COMMENT. This accident occurred after the 
low-level alarm had been switched off. An air- 
activated valve would have prevented the acci- 
dent. 


Comment 

The data for this study were obtained by ques- 
tionnaire, and the respondents were asked to 
supply information based on memory rather 
than a review of past experience. Therefore, 
this information must be, at best, an approxi- 
mation of the number of accidents that have oc- 
curred. It is probable that the results reported 
represent an underestimation since the most 
dramatic and worst events are the ones most 
frequently remembered and since many minor 
events were not included. Another source of 


error could be double reporting 9 olled rather 
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than hospitals. Such double reports were elimi- 
nated when recognized. 

For the year 1977, the respondents from the 
United States reported a total of 90,000 open- 
heart operations. The Commission on Profes- 
sional and Hospital Activities in Ann Arbor, 
MI, estimates that in the same year, 95,000 
open-heart operations were done in the United 
States. Our study, therefore, probably included 
the great majority of open-heart procedures 
performed during the years considered. 

The most sudden and distressing accident 
that can occur during cardiopulmonary bypass 
is arterial line air embolism. Disc oxygenators, 
commonly used in the 1960s, required a gener- 
ous reserve of blood to achieve oxygenation. 
This reserve gave some assurance that the 
oxygenator would not be totally emptied. Plas- 
tic bag oxygenators also had some safeguard 
against air since they collapsed if the reserve 
was pumped out. However, the rigid shell 
bubble oxygenators now in use do not have a 
separate visible oxygenating chamber and can 
be pumped dry in about thirty seconds if all in- 
flow is interrupted. The use of an alarm system 
is of primary importance with these oxygen- 
ators. 

Three types of alarms are available. A photo- 
electric cell can be positioned on the reservoir to 
detect when the level drops below the prese- 
lected reserve and then give an audible signal. 
This cell can also be connected to the circuit of 
the console to shut off the arterial pump at the 
same time. One manufacturer uses a variation 
of the reservoir alarm. In this system, the reser- 
voir is weighed continuously. If it becomes too 
light, the pump is slowed automatically to allow 
the reservoir to regain a safe level. A second de- 
vice available is an air-activated ball valve that 
can be placed at the outlet of the oxygenator.* 
The valve remains open as long as it is filled 
with fluid but will close if air enters the 
chamber of the valve. Its two big advantages are 
that it is inexpensive and entirely mechanical, 
not dependent on any electrical circuitry. The 
third alarm system available is an infrared light 
sensor that is placed on the arterial line and can 
detect 1 or 2 cm? of air. This device has an au- 


*Delta Medical Industries, Costa Mesa, CA. 


tomatic shutoff to the arterial pump. After a re- 
view of our own experience and the experience 
of others, it is our strong recommendation that 
each pump oxygenator be equipped with at 
least two of these systems. A photosensor on 
the reservoir, which can set off an alarm and 
shut off the pump, plus an air-activated me- 
chanical valve provide reasonable safety. 

When massive air embolism in the ascending 
aorta occurs, several maneuvers should be ini- 
tiated immediately. The pump should be 
stopped and the aorta opened by either a stab 
wound or removal of the aortic cannula. The 
head of the patient should be lowered, and the 
pericardium filled with saline solution until the 
aorto-omy is flooded. Massage of the heart and 
great vessels will help dislodge trapped air. The 
patieat should receive 10096 oxygen to decrease 
the ritrogen content of the lungs and increase 
the ritrogen gradient between blood and lungs. 
It has been suggested that gentle retrograde 
perfusion into the superior vena cava may help 
flush air from smaller cerebral vessels [3]. As 
much time as is available should be used in 
displacing the intravascular air before resuming 
bypass. Subsequent measures that have been 
use:ul include intravenous steroids, mild post- 
operative hypothermia, and hyperbaric treat- 
ment. Of these, hyperbaric treatment appears 
to »e the most effective. 

Only 4296 of the respondents used a low-level 
alarm system, and only 20% used an alarm 
system equipped with an automatic shutoff. It 
is curious that the incidence of arterial line air 
embolism is about the same among alarm users 
and those who use no alarms. In part, this may 
be due to the fact that episodes of air embolism 
were reported for a six-year period, but the 
lepse in time during that period before alarms 
were used was not documented. For example, 
in our practice, a rigid requirement that per- 
tasionists use an alarm was not instituted until 
efter an embolic accident had occurred. 

Two of the major manufacturers of pump 
oxygenators now include low-level alarm and 
shutoff systems as mandatory equipment for 
each machine purchased. It is probable that this 
has been brought about by product liability 
lawsuits against the manufacturers after air 
embolism accidents. The remaining manufac- 
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turers of pump oxygenators recently surveyed 
do not require alarm systems with each pump 
console but offer them as options. 

In this survey, two other sources of air em- 
bolism accidents were reported. The accidental 
reversal of the ventricular suction tubing in the 
pump head produced air embolism in 18 pa- 
tients. Therefore, it is recommended that large 
red or orange markers be added to each pump 
head to clearly designate flow direction. The ar- 
rows indicating flow direction on most consoles 
are small and neat but are not large enough to 
be seen at a glance. The second unexpected 
source of air embolism was a ruptured pulsatile 
assist device in 3 patients. Since this is not a 
widely used technique, these episodes of fail- 
ure would suggest that this device is not yet 
entirely safe. 

Disseminated intravascular coagulation is not 
as clearly defined an accident of cardiopulmo- 
nary bypass as air embolism. However, it is 
likely that the majority of episodes of DIC that 
occur in the operating room are secondary to 
inadequate heparinization during bypass [9]. 
Other factors such as sepsis, transfusion reac- 
tions, exposure of blood to plastic surfaces, and 
low cardiac output are all known to produce 
DIC. In 1979, it was demonstrated that the indi- 
vidual response to a calculated dose of heparin 
shows wide variations and that a small percent- 
age of patients will receive inadequate heparin 
for bypass when a calculated dose is used [2]. In 
addition, there is considerable individual vari- 
ation in heparin consumption during bypass 
[5]. The use of ACT will identify those patients 
who have inadequate heparinization following 
a calculated dose and will identify the need for 
additional heparin as bypass proceeds. 

In contrast to low level alarms, 63% of the re- 
spondents use ACTs, although the method has 
been advocated only quite recently. Again, it is 
our opinion that all patients undergoing car- 
diopulmonary bypass should be carefully mon- 
itored by ACTs or some other technique of 
heparin titration. A particularly dangerous 
situation is one in which bypass is reinstituted 
after protamine has been given. ACT or heparin 
titration is absolutely mandatory in these cir- 
cumstances. 


We conclude that most accidents caused by 
air embolism from the arterial line are due to 
human error and could be virtually eliminated 
by using a combination of both electrical and 
mechanical shutoff devices. It is probable that 
many deaths and injuries secondary to DIC 
during cardiopulmonary bypass could be 
eliminated by consistent use of ACTs or hepa- 
rin titration. An awareness of the multitude of 
other problems that can arise is a step toward 
prevention. This survey shows that an accident 
related to the pump oxygenator system oc- 
curred once per 300 procedures. An accident re- 
sulting in permanent injury or death of a pa- 
tient occurred once per 1,000 procedures. 
Appropriate use of alarms and some method 
of heparin titration could greatly reduce the 
incidence of this problem. 
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Thermographic Demonstration of Uneven 
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ABSTRACT Low temperature is an important factor 
in protecting the myocardium during an operation 
on the heart. This can be difficult to accomplish if 
the cold cardioplegic solution is hindered by occlu- 
sions or stenosis of the coronary arteries. We used 
thermography to study myocardial temperature 
during infusion of cold cardioplegic solution. Slow 
cooling was recorded distal to coronary stenosis or 
occlusions, thereby indicating insufficient protec- 
tion of the myocardium in these areas. 


Cooling the myocardium by infusion of cold 
cardioplegic solution into the aortic root has 
improved the results of cardiac operations. 
Coronary occlusions or stenosis can cause an 
uneven distribution of the cold solution and 
thereby produce areas of insufficient protection 
in the myocardium. We used thermography to 
demonstrate the course of events during infu- 
sion of the cardioplegic solution. 


Material and Methods 

Ten patients were investigated. Two had aortic 
stenosis and no coronary lesions, 1 had aortic 
stenosis and stenosis of the left anterior de- 
scending coronary artery and the left circumflex 
artery, and 7 had coronary stenosis of varying 
degree. 

After the institution of extracorporeal circu- 
lation, the aorta was cross-clamped and 1 liter 
of cold (4°C) cardioplegic solution was infused 
by gravity through a 3 mm cannula into the 
aortic root from a height of 1 meter above the 
aortic root. Infusion time was kept within 8 to 
10 minutes. In 6 patients in whom the effect of 
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the in‘usion on myocardial temperature was in- 
sufficent as judged by the thermographic ap- 
pearance, additional cold solution was infused. 

In order to obtain a frontal view of the heart 
with maximal exposure of the left ventricle, 
gauz2 pads were placed in the pericardium be- 
hind the ventricles and the operating table was 
tilted laterally toward the thermocamera (AGA 
thermovision 680*). The pictures recorded 
showed lowering temperatures as represented 
by :ncreasingly darkening areas. Black areas in 
these studies indicated temperatures below 
20°2. Thermographic pictures were taken at 60 
second intervals beginning just before the start 
of infusion of the cardioplegic solution. To 
coatrol the accuracy of the thermography, nee- 
dl» thermistors were used to measure myocar- 
dial temperatures at different points. 


Results 

In the 2 patients without coronary lesions, the 
myocardial temperature was less than 20°C after 
approximately 4 minutes. All 8 patients with 
coronary lesions had various degrees of uneven 
and delayed cooling of the myocardium. In 2 of 
them, the myocardium was cooled to less than 
20°C after about 8 minutes. In 6 patients, an ad- 
ditional 500 ml of cardioplegic solution was in- 
fused in an attempt to lower the temperature 
below 20°C. This was accomplished in 3 pa- 
tients, but in the other 3, a regional insufficient 
cooling of the myocardium prevailed (Figs 1 
through 4). 

Eight patients had an uneventful postopera- 
tive course. Two of the patients with insuffi- 
cient myocardial cooling had moderate to se- 
vere arrhythmias postoperatively. 


Comment 
It is important to achieve a uniform and suffi- 
ciently low temperature of the myocardium in 
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Fig 1. (A) Thermographic picture of a heart with two 
stenoses in the left anterior descending coronary artery 
(LAD) after 1 minute of cardioplegic infusion shows 
that most parts of both ventricles are cold. The area 
around the LAD is still warm. Notice especially the api- 
cal part of the heart. The 1 corresponds to the left 
ventricle, 2 to the pericardium, and 3 to venous can- 
nulas. (B) After 5 minutes, there is almost complete 
cooling of the heart except for a small apical area. Here, 
1 corresponds to a small warm apical area, and 2 and 3 
are the same as in 1A. 


how 
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Fig 2. (A) Thermographic picture of a heart with prox- 
imal stenoses of the left anterior descending coronary 
artery and an obtuse marginal artery. After 3 minutes, 
the right ventricle is sufficiently cold while most of the 
left ventricle is still more than 20°C. (B) After 91/2 min- 
utes, there is complete cooling of the heart's exposed 
surface. The 1 corresponds to the right ventricle, 2 to 
the pericardium, 3 to venous cannulas, 4 to the retrac- 
tor, and 5 to an artifact. 
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order to assure a maximal protection during 
ischemic cardiac arrest following aortic cross- 
clamping. Factors that can jeopardize this are 
myocardial hypertrophy, which makes the 
standard amount of cold cardioplegic solution 
inadequate, or stenotic lesions of the coronary 
arteries, which prevent a rapid and even distri- 
bution of the perfusate. 

Needle thermistors have been used to control 
the effect of the cold cardioplegic infusion [1, 2]. 
However, this technique gives information 
only from local areas. In nonmonitored parts of 
the myocardium, hazardous insufficient cool- 
ing can occur. 

The thermographic method reveals not only 
the temperatures over the total exposed surface 


Fig 3. Thermographic picture of a heart with proximal 
stenoses of the left anterior descending coronary artery, 
the left circumflex artery, and an obtuse marginal 
branch. (A) The thermographic appearance after 2 min- 
utes. The right ventricle is cold but the left ventricle has 
a large warm area. The right ventricle is indicated by 1, 
and the pericardium by 2. The white area over the right 
ventricle is the venous cannula, indicated by 3. (B) The 
warm left ventricular area is reduced in size after 8 
minutes. Measurements by a needle thermistor in this 
area revealed a temperature of 28°C. A needle thermis- 
tor in the septum measured a temperature of 22°C and 
in the right ventricular wall, 19*C. 


of the heart [3] but also the sequential events 
during cooling. The temperatures at the surface 
should be representative of the temperature of 
the whole myocardium since cold cardioplegia 
has a protective effect throughout the myocar- 
dium. Furthermore, in our study, the thermo- 
graphic appearance correlated well with the 
temperatures recorded by intramyocardially lo- 
cated thermistors. 

The two hearts with aortic stenosis and myo- 
cardial hypertrophy rapidly and evenly de- 
creased in temperature. Hypertrophy alone did 
not appear to cause insufficient cooling when 
our cold cardioplegia technique was used. 

Coronary lesions caused a slow cooling of the 
myocardium, and the findings in patients with 
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Fig 4. Thermographic picture of a heart with stenotic le- 
sions of the three main coronary arteries. (A) After 1 
minute, most of the ventricles are insufficiently cold. (B) 
Eleven minutes following a total infusion of approxi- 
mately 1,300 ml of cold cardioplegic solution, most of 
the myocardium is still insufficiently cold. The 1 corre- 
sponds to a small cold area, 2 to the pericardium, and 3 
to venous cannulas. The rest corresponds to the ventri- 
cles, which are insufficiently cold. 





: i; 


such lesions revealed the insufficiency of us- 
ing our standardized technique for cold car- 
dioplegia. To overcome this drawback, a larger 
amount of cold cardioplegic solution should be 
used along with topical cooling. Also, injec- 
tions of cold solution into the bypass graft as 





soon as an anastomosis is completed will help 
to achieve better and more reliable myocardial 
protection. 
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Protective Effect of Hyaluronidase after Long-Term 
Aortic Cross-Clamping: Initial Experimental Observations 


Deepak Vij, M.D., Luis H. Toledo-Pereyra, M.D., Ph.D., 
Donald J. Magilligan, Jr., M.D., and Fernando M. Jara, M.D. 


ABSTRACT This work studies the effect of 
hyaluronidase on myocardium subjected to long- 
term aortic cross-clamping (three hours) and mod- 
erate hypothermia (28°C). Animals receiving 
hyaluronidase (1,000 U per liter) through the root of 
the aorta with a procaine-potassium chloride- 
plasmalyte cardioplegic solution showed better 
functional, electrical, and morphological response 
than the untreated animals. These findings, al- 
though preliminary, appear to be promising for po- 
tential clinical application. 


Protection of the myocardium from ischemic 
injury during open-heart operation remains a 
major concern. In spite of the protective effects 
of potassium [1] or procaine [2, 4] cardiople- 
gic solutions used with mild to moderate 
hypothermia, a certain degree of perioperative 
myocardial infarction still occurs after aortic 
cross-clamping for various periods of time 
[12]. In this paper, we study the effect of 
hyaluronidase, an enzyme that depolarizes 
hyaluronic acid, in the protection of hearts un- 
dergoing long-term, aortic cross-clamping. 


Materials and Methods 

Adult mongrel dogs of either sex, weighing 
between 20 and 26 kg, were used. The study 
was conducted in a randomized and double- 
blind fashion. The procedure in each dog was 
exactly the same with only one variable: the use 
of hyaluronidase (1,000 U per liter). On this 
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basis, the animals were divided into two 
groups of 6 animals each. 

The animals were premedicated with at- 
ropine, induced with sodium thiamylal (496), 
and maintained with Fluothane (halothane) 
(1%) and nitrous oxide. Continuous oxygen 
was given through an endotracheal tube con- 
nected to a Bird respirator. Lactated Ringer's 
solution was given at a rate of 100 ml per hour 
during the operation. The animals were 
catheterized for urinary output monitoring. 
Electrocardiogram (ECG) leads were placed, 
and an arterial line and a Swan-Ganz triple- 
lumen thermodilution catheter were introduced 
through the left femoral artery and vein. ECG, 
central venous pressure (CVP), arterial pres- 
sure, and pulmonary artery pressures (PAP) 
were continuously monitored on a Hewlett- 
Packard monitor with an eight-channel record- 
er. A temperature probe was introduced into 
the distal esophagus for continuous tempera- 
ture monitoring. Baseline blood samples for 
complete blood count, electrolytes, and arterial 
and mixed venous gases were taken. Pulmo- 
nary capillary wedge pressure (PCWP) was 
determined, and then cardiac output was mea- 
sured by thermodilution technique using a car- 
diac output computer [10]. 

Median sternotomy was performed. The 
heart was suspended in a pericardial cradle 
after pericardiotomy. Epicardial mapping be- 
fore cardiopulmonary bypass was performed at 
predetermined sites (Fig 1) [11]. The animal 
was heparinized (2 mg per kilogram of body 
weight). The right femoral artery and right 
atrium were cannulated in order to be con- 
nected to a Sarns modular heart-lung machine, 
using a Bentley Temptrol Q-200A bubble 
oxygenator. The heart-lung machine was 
primed with a solution of 1,500 ml of Ringer’s 
lactate, 12.5 gm of mannitol, 500 mg of calcium 
gluconate, and 1,500 U of heparin. Cardiopul- 
monary bypass was initiated. A left ventricular 
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Fig 1. Experimental design to study the effect of 
hyaluronidase on myocardium undergoing long-term 
aortic cross-clamping (180 min) and moderate 
hypothermia (28°C). (IVC = inferior vena cava; Ao = 
aorta.) 


apical vent was secured and connected to a car- 
diotomy reservoir. As soon as a satisfactory 
flow (300 ml above the cardiac output of the 
animal) was obtained on cardiopulmonary 
bypass, the respirator was disconnected (see 
Fig 1). The aorta was cross-clamped, the car- 
dioplegic solution was introduced through the 
aortic root, and the animal was cooled rapidly 
to a core temperature of 28°C and maintained at 
that point. The cardioplegic solution consisted 
of 1 gm of procaine hydrochloride, 30 ml of 
dextrose 50%, 30 mEq of potassium chloride, 50 
mEq of sodium bicarbonate, and 810 ml of 
plasmalyte-148. Osmolarity was 460 mOsm per 
liter, specific gravity was 1.05, and pH was 7.96 
at 37°C. The addition of hyaluronidase 1,000 U 
per liter for the experimental group did not 
modify the osmolarity, specific gravity, or pH. 

Cardiac arrest was achieved by rapidly puls- 
ing 150 ml of cardioplegic solution while the left 
ventricular vent was occluded. Then a steady 


drip of cardioplegic solution was maintained 
throughout the cross-clamp time for a total of 
500 ml, and the left ventricular vent was main- 
tained at slow suction to prevent distention of 
the heert. Total aortic cross-clamp time was 180 
minutes. At the end of 160 minutes, the animal 
was gradually warmed to normothermia; a bi- 
opsy from the left ventricle was obtained before 
reperfusion, and, at the end of 180 minutes, the 
aortic cross-clamp was removed, the respirator 
was reconnected, and the heart was revived by 
admiristering 1 gm of calcium gluconate deliv- 
ered tnrough the pump. Defibrillation was car- 
ried cut as necessary. 

When cardiac function was deemed adequate 
by assessing the ejection fraction of the left 
ventricle, cardiopulmonary bypass was gradu- 
ally discontinued. Blood samples for complete 
blood count, electrolytes, and arterial and 
mixed venous blood gases were obtained after 
bypass. CVP, PAP, PCWP, and cardiac output 
were determined 10, 20, and 30 minutes after 
discentinuation of cardiopulmonary bypass to 
assure physiological stability of the animal. 
After cardiopulmonary bypass, epicardial map- 
ping was done at the predetermined points 
(see Fig 1). 

Cne to two hours after removal of the aortic 
cross-clamp, the animal was fluid challenged 
witn a mixture of blood and residual prime so- 
lution from cardiopulmonary bypass to gradu- 
ally increase the PCWP. The corresponding 
cardiac output was computed to create a Star- 
ling’s curve until the values reached the de- 
scending limb of the curve. The fluid was deliv- 
ered through the arterial limb of the pump. 
Biopsy from the left ventricle was obtained 
after reperfusion. The statistical analysis 
included mean values, standard deviation, 
Mann-Whitney test, and Student's f test. 


Results 
Four out of 6 dogs in the control group were 
satisfactorily taken off cardiopulmonary 


bypass. All animals in the hyaluronidase- 
treated group could be weaned off bypass. One 
cf the animals in the control group that was 
successfully taken off the bypass became 
hypotensive thirty minutes later and died. A 
dog in the group with hyaluronidase could not 


348 The Annals of Thoracic Surgery Vol 29 No 4 April 1980 


Hemodynamic Data in Hyaluronidase-treated and Untreated Ischemic Hearts? 








4 
Heart Rate Cardiac Index 
(beats/min) (L/min/m?) 
Period Control Treated Control Treated 
Before bypass 117 = 18 127 3-15 t HII 2,31 2 02 
After bypass and aortic 148 + 29 143 + 22 1,65 € 0.32 2.08 + 0.6 
cross-clamping 
After fluid challenge 145 + 31 133 + 16 1.84 + 0.9 2,91 4 1.1" 





?Values are expressed as the mean + standard deviation. 
"Mann-Whitney nonparametric test p < 0.1 — > 0.05. 
*Student's t test p < 0.02. 


be rewarmed due to technical reasons; tachyar- 
rhythmias developed and he died. 


Hemodynamic Data 

The Table shows the beneficial effect of 
hyaluronidase on the cardiac index. The ani- 
mals in the untreated group failed to achieve 
the prebypass cardiac indices after aortic 
cross-clamping, cardiopulmonary bypass, and 
fluid challenge, whereas the treated group 
showed a definite recovery after the ischemic 
insult. Similar response was observed for the 
stroke volume index and left ventricular stroke 
work index in the control and treated groups 
(see the Table). Left ventricular stroke work 


Fig 2. Starling's curve showing the relationship between 
left ventricular stroke work index (LVSWI) and pulmo- 
nary capillary wedge pressure (PCWP). There was a 
greater drop in LVSWI immediately after bypass and 
aortic cross-clamping in the untreated group. Note the 
rather flat curve in the control group. (LVSWI was 
averaged at the depicted PCWP in the two groups of 
animals studied.) 


index showed better recovery following fluid 
challenge after cardiopulmonary bypass and 
aortic cross-clamping in the hyaluronidase- 
treated group when the PCWP was gradually 
increased and the Starling curves were plotted 
(Fig 2). 


Epicardial Mapping 

Prior to cardiopulmonary bypass, the height of 
the S-T segment was similar for the control and 
treated groups. Immediately after cardiopul- 
monary bypass and release of the aortic cross- 
clamp, the treated group showed significantly 
better response in the height of the S-T segment 
than the control group (p < 0.05) (Fig 3) [8]. 


Histological Findings 

The histological findings were not strikingly 
different in the two groups of animals. How- 
ever, the treated group showed less edema, 
muscle disruption, cellular derangement, and 
pyknosis than the controls (Fig 4). 
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Stroke Volume Index 










Fig 3. S-T segment height (mean + standard error) ac- 
cording to epicardial mapping before and after aortic 
cross-clamping in the control and treated animals. Bet- 
ter response was observed in the hyaluronidase-treated 
hearts. 


Comment 

Hyaluronidase has been demonstrated experi- 
mentally and clinically to have a protective ef- 
fect with regard to the extent of necrosis fol- 
lowing myocardial infarction [3, 5-8]. This 
effect has been associated with reduction in 
edema formation [9] as well as depolymeriza- 
tion of hyaluronic acid and other mucopolysac- 
charides abundant in myocardial interstitium 
[6]. Hyaluronidase also increases the capillary 
permeability, facilitates the transport of sub- 
strates through the interstitial space [8], and 
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enhances the washout of noxious metabolic 
waste products [6]. 

Hyaluronidase has been used clinically for 
de-matoclysis and rapid diffusion of local an- 
esthetics. Its toxicity appears to be extremely 
low. Allergic reactions are rare (0.0896) [8], gen- 
erally occur only after frequent exposure, and 
can be prevented if a skin test is performed. 

Our study suggests that the hearts that were 
treated with hyaluronidase had a better he- 
modynamic, electrocardiographic, and morpho- 
legical profile than the untreated ones. It also 
demonstrates that hyaluronidase played an im- 
portant role in the protection of long-term isch- 
emic and moderately hypothermic myocar- 
dium. This study is only a preliminary obser- 
vation, and further work in this area should 
cefine the real role of substances such as 
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Fig 4. Normal histological findings are seen in a 
hyaluronidase-treated myocardium following car- 
diopulmonary bypass (28*C) and 180 minutes of aortic 
cross-clamping. (H&E; original magnification X350.) 


hyaluronidase on the protection of ischemic 
hearts. 
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Repair of Complete Atrioventricular Canal 


Associated with Tetralogy 


of Fallot or Double- 


Outlet Right Ventricle: Report of 10 Patients 


Albert D. Pacifico, M.D., John W. Kirklin, M.D., 


and Lionel M. Bargeron, Jr., M.D. 


ABSTRACT Ten patients with complete atrioven- 
tricular (AV) canal and tetralogy of Fallot or 
double-outlet right ventricle (DORV) with subaortic 
ventricular septal defect and pulmonary stenosis 
underwent complete repair. Associated cardiac 
anomalies were frequent, and 3 patients had situs 
ambiguus and 1 had situs inversus. Two (4096) of the 
5 patients with complete AV canal and tetralogy of 
Fallot died in hospital, as did 3 (6096) of the 5 with 
complete AV canal and DORV. No deaths occurred 
among the 4 patients in whom repair could be done 
without using a transannular patch across the pul- 
monary valve ring or a valved external conduit. Five 
(62%) of the 8 without major associated malforma- 
tions survived. 

Preoperative study must define completely the 
malformation. The repair, done through the right 
atrium alone or in combination with a right ven- 
triculotomy, is most easily accomplished with sepa- 
rate patches for the ventricular and atrial compo- 
nents of the septal defect. 


Surgical treatment of the combination of the 
complete atrioventricular (AV) canal defect with 
either tetralogy of Fallot or the related malfor- 
mation of double-outlet right ventricle (DORV) 
with pulmonary stenosis has been attended in 
the past by a rather high risk [14]. Advances in 
the understanding of the morphology and 
diagnosis of these complex lesions, plus the 
general advances in cardiac operations, should 
contribute to better results in the future. To 
evaluate past risks and determine ways of im- 
proving results, we reviewed our experience at 
the University of Alabama Medical Center in 
Birmingham with this group of malformations. 
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Material and Methods 

Between 1967 and 1978, 6 patients with DORV 
and complete AV canal underwent repair. All of 
these patients also had pulmonary stenosis. 
They comprise 1096 of patients with DORV op- 
erated on during this period [15]. One of them 
had tne Taussig-Bing type of DORV (rather 
than DORV with subaortic ventricular septal 
defect [VSD]) with complete AV canal and died 
early postoperatively. He is not considered 
further in this report. The other 5 patients had 
DORV with part of the AV canal forming a sub- 
aortic VSD, plus pulmonary stenosis. This con- 
dition could be considered an extreme form of 
tetralogy of Fallot or a tetralogy-like DORV. 
Five patients underwent complete repair of te- 
tralogy of Fallot with complete AV canal. They 
represent 0.8% of all patients with tetralogy of 
Fallot operated on during this period [12]. The 
first successful repair of tetralogy of Fallot with 
complete AV canal in our institution was done 
in 1970 and of DORV with complete AV canal, 
in 1974. 

In the 5 patients with tetralogy of Fallot and 
complete AV canal, 25% to 75% of the aorta was 
over the right ventricle. The aorta arose com- 
pletely from the right ventricle in 4 of the pa- 
tients with DORV and complete AV canal, and 
90% from the right ventricle in 1 patient. In all 
10 patients the ventricular septal defect oc- 
curring as part of the AV canal extended unusu- 
ally far anteriorly and superiorly into the sub- 
aortic position. The anterior bridging leaflet 
was free-floating in all patients, as it usually is 
in this situation [13, 16]. The posterior bridging 
leaflet was tethered to the crest of the ventricu- 
lar septum in all patients. 

The thoracic visceral situs was as follows: of 
the 5 patients who had tetralogy of Fallot with 
complete AV canal, all had situs solitus and of 
the 5 with DORV, subaortic VSD, pulmonary 
stenosis, and complete AV canal, 1 had situs 
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Table 1. Data on Previous Palliative Anastomotic Operations in 5 Patients 





Interval 
between 
Age at Palliation and Quality of 
Category Shunting Repair (yr) Palliation 
Double-outlet right ventricle 
Waterston 5d 4.7 Good 
Blalock-Taussig 28 mo 7.8 Good 
Tetralogy of Fallot 
Waterston? 7 mo et ru 
Blalock-Taussig 17 mo 6.5 Good 
Waterston 7 mo 6.3 Good 


*Nonfunctional after 0.8 year. 


solitus, 3, situs ambiguus, and 1, situs inver- 
sus. Important associated anomalies were pres- 
ent in those with DORV and AV canal. These 
anomalies included a common atrium (3 pa- 
tients), anomalies of the systemic venous con- 
nection (3), unroofed coronary sinus (2), total 
anomalous pulmonary venous connection (with 
a very small left ventricle) (1), and multiple 
VSDs (1). Some patients had more than one as- 
sociated anomaly, and some had none. Among 
the patients with tetralogy of Fallot, only 1 had 
an important associated anomaly (multiple 
muscular VSDs). Palliative anastomotic opera- 
tions had been done in 5 of the patients, with 
good palliation (Table 1). 

The patients ranged from 1.1 to 10.1 years old 
(mean age, 8.5 years). Nine of the 10 patients 
were cyanotic from reduced pulmonary blood 
flow. One patient (with DORV and mild pul- 
monary stenosis, peak pulmonary artery pres- 
sure of 47 mm Hg, and similar peak pressures 
in the right and left ventricles) had a large pul- 
monary blood flow and congestive heart failure. 

Not included in this report are the data con- 
cerning 2 patients with DORV, pulmonary 
stenosis, and complete AV canal in whom only 
relief of the pulmonary stenosis was obtained. 
Because the VSD of the complete AV canal was 
in a noncommitted position in these 2 patients, 
complete repair was considered to be particu- 
larly hazardous. A different repair might be 
done now, as will be discussed later. One of 
these patients also had situs ambiguus, com- 


Table 2. Details of the Operative Procedure 
in 10 Patients 


No. of 

Surgical Options Patients 
Approach 

Right atriotomy alone? 4 

Right atriotomy and ventriculotomy 6 
Patch (pericardium or Dacron) 

One 8 

Two 2 
Pulmonary stenosis 

Repair 4 

Transannular patch 3 

Valved external conduit 3 


^ Except for the relief of pulmonary stenosis. 


mon atrium, and total anomalous pulmonary 
venous connection; the other also had situs in- 
versus and a diminutive left ventricle. 

The general operative techniques and post- 
operative care were those we usually employ. 
The records of each patient, including findings 
at the postmortem examination when available, 
have been analyzed in detail retrospectively 
and the patients have been appropriately 
categorized. The details of the operative proce- 
dure are shown in Table 2. 


Results 

Early Results 

Five (5096, 70% confidence limits 3096-7096) of 
the 10 patients with complete AV canal and te- 
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Table 3. Early Results 


Category 


TF and complete AV canal 
DORY (subaortic VSD), PS, and complete AV canal 


Total 


“One had multiple VSDs. 


Hospital Deaths 


No. of 
Patients No. Percent 70% CL 
5 2a 40 14-71 
5 3b 60 29—86 
10 5 50 30-70 


"One patient also had total anomalous pulmonary venous connection and a small left ventricle. 


CL = confidence limits; TF = tetralogy of Fallot; AV = atrioventricular; VSD = ventricular septal defect; PS = pulmonary 


stenosis. 


Table 4. Mortality with Use of Transannular Patch or External Conduit 


Hospital Deaths 


No. of 
Method of Repairing PS Patients No. Percent 70% CL 
None? 1 | Qj4^ 0 0 0-85 
Infundibular dissection and 3 | (0, CL 0-38%) 0 0 0—47 
valvotomy 
Transannular patching or 4 | g5jg» 3 75 37-97 
nonvalved external conduit (83%, CL 54%—98%) 2 100 39-100 
Valved external conduit 2 
Total 10 5 50 30-70 





*This is the patient with mild PS (see Material and Methods). 


"p for difference = 0.02 by Fischer's exact test. 


PS — pulmonary stenosis. 


tralogy of Fallot or tetralogy-like DORV (with 
subaortic VSD and pulmonary stenosis) died 
early postoperatively (Table 3). Two of them 
were patients with major associated lesions. 
One had tetralogy of Fallot and complete AV 
canal as well as multiple VSDs. The other had 
DORV, subaortic VSD, pulmonary stenosis, 
and common AV canal along with associated 
total anomalous pulmonary venous connection. 
Both these patients died of low cardiac output 
from acute cardiac failure. 

The other 3 patients (38%, CL 1796—6296) 
who died early were among the 8 without major 
associated lesions. One died of low cardiac out- 
put from acute heart failure, 1 with progressing 
hemoconcentration, restlessness, and hyper- 
thermia forty-eight hours postoperatively after 
having a good cardiac output early postopera- 
tively, and 1 died on the third postoperative 


day of sudden intractable ventricular arrhyth- 
mia after transfer from the intensive care unit 
following an uneventful early postoperative 
course. 

When transannular patching or an external 
conduit was used, mortality was high (Table 4). 
Neither was required in 4 patients, none (0, CL 
0-38%) of whom died. Sinus rhythm was 
present in each patient after repair, except in 
l surviving patient who had intermittent 
second-degree heart block preoperatively and 
postoperatively. 


Late Results 

One patient with tetralogy of Fallot and com- 
plete AV canal required reoperation thirty-two 
months after the original repair for severe mi- 
tral incompetence. The dehisced suture line in 
the anterior mitral reconstruction was repaired, 
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and annuloplasty was done. He is well and 
without symptoms today, as are the other hos- 
pital survivors. 


Comment 

From this experience and from the reports of 
others concerning the surgical treatment of 
these combinations of cardiac malformations [2, 
8, 9, 17], we have learned the importance of 
complete preoperative diagnosis of this combi- 
nation of complete AV canal associated with 
tetralogy of Fallot or DORV, subaortic VSD, and 
pulmonary stenosis. We also have found that 
operation must be based on a complete under- 
standing of the complex, three-dimensional 
interrelations of the pathological condition. 

Precise preoperative cineangiography should 
be able to define the pathological anatomy 
completely. However, the study must be done 
with knowledge of the probable associated le- 
sions in order that appropriate injections and 
views can be made to define their presence or 
absence [3]. Also, the surgeon must be alert to 
possible overlooked variations in the patho- 
logical involvement, although if any are found 
unexpectedly, the surgical risk could be in- 
creased. Two of the 5 deaths in this series were 
in patients seen early. In 1 of them, the asso- 
ciated total anomalous pulmonary venous con- 
nection had not been identified preoperatively 
and in the other, the complete AV canal had not 
been diagnosed preoperatively. 

This combination of complete AV canal with 
either DORV or tetralogy of Fallot does present 
a serious surgical challenge, but good results 
can be obtained [2, 8, 9, 17]. Five of our 8 pa- 
tients with these as the only defects survived. 
When multiple VSDs are present, the risk of 
operation is increased [7, 10, 12]. When a major 
third malformation such as total anomalous 
pulmonary venous connection is involved, the 
risks are increased further. 

Presence of complete AV canal and DORV or 
tetralogy of Fallot is an indication for consider- 
ing operation. Careful construction of the 
therapeutic plan is required, however. On the 
cineangiograms, appropriate measurements 
should be made to determine that the right and 
left pulmonary arteries are of sufficient size to 
be nonrestrictive [1, 6]. If they are importantly 


restrictive, a Blalock-Taussig or Waterston 
shunt should be made to enlarge them, and re- 
pair should be deferred for several years. Mea- 
surements also should be made on the preoper- 
ative cineangiogram to determine the probable 
need for transannular patching or a valved ex- 
ternal conduit in repairing the pulmonary 
stenosis [6]. If they appear to be required and if 
the patient is less than 3 to 5 years old, we be- 
lieve a shunt should be done and repair de- 
ferred until that age. 

The operation for complete AV canal with te- 
tralogy of Fallot or with DORV with subaortic 
VSD and pulmonary stenosis is similar, the two 
malformations differing primarily in the degree 
of dextroposition of the aorta. Our present, and 
recommended, practice is first to open the right 
atrium and study the malformation thoroughly, 
particularly the morphology of the AV valve 
leaflets of the common AV canal (Figure, A, B). 
Then the anterior mitral leaflet is created (Fig- 
ure, C), with or without dividing the anterior 
bridging leaflet. (By dividing it, the septal 
tricuspid leaflet, which is created, later can be 
“allowed” to attach to the patch a little more on 
the ventricular side than does the anterior mi- 


Repair of complete atrioventricular canal and te- 
tralogy of Fallot or double-outlet right ventricle (DORV) 
with subaortic ventricular septal defect and pulmonary 
stenosis (so-called tetralogy-like DORV). Illustrated 
here is DORV, with the aorta emerging entirely from 
the right ventricle. The details of the pulmonary 
stenosis and its repair are not considered. (A) The 
anatomy as viewed through a right ventriculotomy inci- 
sion (above) and right atriotomy (below). The anterior 
(Ant.) bridging leaflet is free-floating. (B) The bridging 
leaflets are pulled back to show the crest of the ven- 
tricular septum. From the right ventriculotomy, the left 
ventricular component of the posterior (Post.) bridging 
leaflet can be seen across the top of the septum. (C) The 
anterior mitral leaflet is created from the right atrial ap- 
proach. The anterior bridging leaflet has not been di- 
vided, but it may be divided surgically under some cir- 
cumstances (see text). (D) The Dacron patch, which can 
be flat or molded by cutting it from a Dacron tube, is 
sewed into place to close the interventricular communi- 
cation in such a way as to conduct left ventricular blood 
to the aorta (tunnel repair). (E) The tricuspid septal 
leaflet is constructed and a pericardial patch used to 
close the ostium primum defect (or repair the common 
atrium). As it is sewed to the Dacron patch, the bases of 
the newly created mitral anterior and tricuspid septal 
leaflets are incorporated. (P. A. = pulmonary artery; 
Ao. = aorta; S. V.C. = superior vena cava; Lat. = 
lateral.) 
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tral leaflet; this lets it do what it often seems to 
"want" to do in complete AV canal.) For closure 
of the VSD, a patch of Dacron is trimmed with a 
broad comma-like configuration to go up over 
the aorta. If it can be sewn in place from the 
atrial approach, this is done, but if a ven- 
triculotomy (usually small, vertical, and in 
the infundibulum) is necessary for any reason 
because of the pulmonary stenosis, it may as 
well be inserted in part through it (Figure, D). 
A piece of pericardium is trimmed to the 
proper shape for closure of the ostium primum 
part of the defect. As this is sewn to the Dacron 
patch (Figure, E), the bases of the newly created 
mitral anterior and tricuspid septal leaflets are 
incorporated. (If the anterior bridging leaflet is 
divided, only the base of the mitral anterior 
leaflet is incorporated, and the tricuspid septal 
leaflet is attached later.) The suture line is con- 
tinued to fasten the pericardial patch to the 
edges of the atrial septum, with the usual ma- 
neuvers to avoid damage to the bundle of His 
[4, 5]. If infundibular dissection, valvotomy, 
and an enlarging patch in the vertical ven- 
triculotomy do not suffice to relieve the pulmo- 
nary stenosis adequately, a valved external 
conduit (rather than a transannular patch) is 
used now because of its lesser risk in the repair 
of all types of DORV [15]. 

With this management program, good results 
should be possible in the future. However, 
some patients have not been correctable by 
these techniques primarily because the inter- 
ventricular communication is not subaortic but 
rather in a noncommitted position. Correction 
by the Fontan method should be considered, 
using a technique similar to that described by 
Gonzalez-Lavin and co-workers [11]. The os- 
tium primum defect would be closed in such a 
way that the right atrium is excluded from the 
common AV orifice, the pulmonary artery dis- 
connected from the right ventricle, and a valved 
external conduit placed from the right atrium to 
the main pulmonary artery. 
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True Diverticulum of the Right Ventricle: 
Two Cases Associated with Tetralogy of Fallot 


P. Magrassi, M.D., C. Chartrand, F.R.C.P., R. Guerin, M.D., 


C. Kratz, M.D., and P. Stanley, M.D. 


ABSTRACT 
a rare malformation consisting of an accessory ven- 


A true right ventricular diverticulum is 


tricular outpouching communicating with the right 
ventricle through a muscular annulus and located at 
the right superior margin of the right ventricle. Its 
normal myocardial structure causes it to function as 
normal ventricle and in itself does not cause func- 
tional disturbances. In all reported instances, the 
malformation was associated with a ventricular sep- 
tal defect and obstructive lesions of the right ven- 
tricular outflow tract. The 2 patients we describe 
had partial resection at the time of repair of tetralogy 
of Fallot and are doing well one and four years post- 
operatively. 


A ventricular diverticulum can be described as 
an accessory ventricular chamber, which ana- 
tomically resembles a normal ventricle and 
which functionally behaves like normal cardiac 
muscle. Among congenital abnormalities, the 
ventricular diverticulum is a rare lesion. Ap- 
proximately 60 cases have been reported [4]. 
However, this number is not truly representa- 
tive of the incidence of this condition because 
many were not true diverticula. 

We have encountered 2 patients with right 
ventricular diverticulum associated with tetral- 
ogy of Fallot. The right ventricular diverticulum 
was explored and partially excised at the time of 
repair of the ventricular septal defect and right 
ventricular outflow tract obstruction. Because of 
the rarity of right ventricular diverticulum, we 
are presenting the case reports of these 2 pa- 
tients. 
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Case Keports 

Patient 1 

A male infant, born on February 8, 1969, and 
with the clinical diagnosis of tetralogy of Fallot 
has been followed by the cardiology service of 
Hópital Ste-Justine since birth. Because of in- 
creased cyanosis and the occurrence of anoxic 
spells, he was admitted to Hópital Ste-Justine 
when he was 9 months old. Clinical evaluation 
was consistent with a typical tetralogy of Fallot. 
Electrocardiogram (ECG) showed right ven- 
tricular hypertrophy and aberrant intraven- 
tricular conduction, which was interpreted as 
complete right bundle-branch block (Fig 1). 
Chest roentgenogram showed a normal heart 
size with elevation of the cardiac apex, concavity 
of the pulmonary arch, left-sided aortic arch, 
and slightly diminished pulmonary vascularity. 

Cardiac catheterization revealed a right ven- 
tricular pressure of 92/0-6 mm Hg, a pulmonary 
artery pressure of 14/8 mm Hg, and an aortic 
saturation of 83%. Cineangiocardiography 
showed severe infundibular stenosis with a 
hypoplastic pulmonary annulus and relatively 
small main pulmonary artery but good-sized 
branches. A Fallot-type ventricular septal defect 
was visualized. An abnormal round opacifica- 
tion in the subaortic region was interpreted at 
that time as a possible dilatation of the left ven- 
tricular outflow tract. Pulmonary venous return 
was normal. No later roentgenograms were 
made. On November 26, 1969, a right Blalock- 
Taussig anastomosis and right dorsal sym- 
pathectomy were performed. 

From that time until he was 41⁄2 years old, the 
patient had no major clinical problems and al- 
most normal exercise tolerance. Then he was 
readmitted for cardiac catheterization prior to 
surgical repair. A continuous murmur due to 
the functional Blalock-Taussig anastomosis was 
present. Control ECG and vectorcardiogram 
(VCG) showed persistence of right ventricular 
hypertrophy and of the intraventricular con- 
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Fig 1. (Patient 1.) Electrocardiogram made when the 
patient was 4 months old showing right ventricular 
hypertrophy and aberrant intraventricular conduction 
with widening of the QRS interval to 100 msec. This 
electrocardiogram was similar to that made when the 
patient was 9 months old. 


duction disturbance. In addition, there was 
evidence of left ventricular hypertrophy (due to 
the left ventricular volume increase secondary 
to the Blalock-Taussig anastomosis). The frontal 
plane axis, difficult to determine on the ECG, 
was shown on the VCG to be clockwise, to the 
right, and mainly superior. 

Chest roentgenogram showed slight biven- 
tricular enlargement with normal pulmonary 
vascularity. Cardiac catheterization demon- 
strated no change in right ventricular pressure 
compared with that of the prior catheterization. 
The aortic saturation was 80%. 

Angiography confirmed the presence of the 
Fallot-type ventricular septal defect and showed 
a second small muscular defect at the apex. 
There was normal continuity between the aortic 
and mitral valves. Severe right ventricular in- 
fundibular obstruction and moderate pulmo- 
nary valve stenosis were present. A right ven- 
tricular diverticulum was demonstrated at this 
time (Fig 2). It measured approximately 2.5 cm 
in diameter and originated from the right an- 
terosuperior region of the right ventricular 
sinus cavity. It contracted synchronously with 
the ventricular chambers. The Blalock-Taussig 
anastomosis was patent. 
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Fig 2. (Patient 1.) Lateral cineangiogram (70 mm) by a 
right ventricular injection showing the right ventricle 
(RV), pulmonary artery (PA), right ventricular diver- 
ticulum (D), left ventricular cavity (LV), and ascending 
aorta (Ao). 


On October 24, 1974, open-heart operation 
was performed. The Blalock-Taussig anas- 
tomosis was ligated. On inspection, the right 
ventricular diverticulum bulged at the right 
superoanterior portion of the right ventricle 
and slightly displaced the right atrium to the 
right (Fig 3). It measured 3 cm in diameter. Its 
myocardium was of normal color, consistency, 
and contractility. Through a short atriotomy, a 
patent foramen ovale was closed. The tricuspid 
valve was seen to be normally formed but 
slightly displaced posteriorly by the diverticu- 
lar mass. For identifying its relationship with 
the intraventricular structures, the diverticulum 
was incised transversely. Its wall thickness and 
endocardial trabeculations were similar to those 
of the right ventricle, and there were no chor- 
dae tendineae or papillary muscles in its cavity. 
It communicated with the right ventricular cav- 
ity through a 2 cm muscular orifice overlooking 
a 2.5 cm ventricular septal defect and the right 
half of the aortic valve. 

Because of the difficulty of access to the right 
ventricular anomalies through this diver- 
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Fig 3. (Patient 1.) Intraoperative photograph of the 
heart showing the diverticulum (D), right atrium (RA), 
right ventricle (RV), and ascending aorta (Ao). 


ticulum, a separate right outflow tract ven- 
triculotomy was performed. The heart was 
cooled by pericardial irrigation with cold saline 
solution, and the aorta was cross-clamped. The 
subaortic ventricular septal defect was closed 
with a Teflon patch. The hypertrophic infun- 
dibular muscular bands were resected, and the 
hypoplastic pulmonary annulus and right ven- 
tricular outflow tract were enlarged with an el- 
liptical pericardial patch. The apical ventricular 
defect was sought but not found. The excessive 
muscular tissue at the edge of the diver- 
ticulotomy was resected but no attempt was 
made to completely excise the diverticulum. 
The postoperative course was uneventful. His- 
tological examination of the diverticular tissue 
revealed normal myocardium. 

When he was 8 years old, the boy was 
readmitted for postoperative hemodynamic 
evaluation. He was doing well and enjoying 
normal physical activities. Auscultation re- 
vealed a grade 4/6 systolic murmur at the left 
sternal border and a short diastolic murmur 
over the pulmonary valve area. ECG continued 
to show prolonged intraventricular conduction 
and slight biventricular hypertrophy. The car- 
diothoracic ratio was normal on roentgeno- 


gram. Cardiac catheterization revealed a right 
ventricular pressure of 37/0-8 mm Hg and a 
main pulmonary artery pressure of 30/9 mm Hg. 
A left-to-right shunt of 2896 at the ventricular 
level was noted. Pulmonary vascular resistance 
was normal. Angiocardiography confirmed a 
small ieft-to-right shunt at the apex and a 
slightly smaller persistent diverticular cavity of 
2 cm in diameter, with dynamic characteristics 
similar to the ones observed during the previ- 
ous angiocardiography. The patient's excellent 
clinical and hemodynamic conditions persist at 
the age of 10 years and justify the decision of 
simple surveillance of the residual muscular 
ventricular septal defect and of only partial re- 
section of the diverticulum. 


Patient 2 

A male infant, born on August 27, 1972, had a 
cardiac murmur at birth, and was referred to 
Hopital Ste-Justine for cardiac investigation 
when he was 2 months old. There were no signs 
of overt heart failure. Auscultation of the heart 
revealed a grade 5/6 holosystolic murmur max- 
imum at the fourth left intercostal space radi- 
ating to the back. 

Chest roentgenogram showed a normal pul- 
monary vascularity and an important car- 
diomegaly, which was interpreted as left ven- 
tricular and atrial enlargement. ECG and VCG 
showed an intraventricular conduction distur- 
bance of the right bundle-branch block-type 
with marked prolongation of the ORS interval. 
There was left ventricular hypertrophy and a 
question of right ventricular hypertrophy (Fig 
4). VCG showed the frontal plane axis to be 
clockwise and to the right. Cardiac catheteriza- 
tion revealed a right ventricular pressure of 
85/0-5 mm Hg, a main pulmonary artery pres- 
sure of 31/17 mm Hg, and a 75% left-to-right 
shunt at the ventricular level. Total and vascular 
pulmonary resistances were normal. Angiog- 
raphy showed a membranous-type ventricular 
septal defect shunting left to right and a defor- 
mity of the right ventricular sinus. 

At a subsequent hospitalization two years 
later, the patient was mildly symptomatic, and 
ECG and VCG were unchanged. Chest roent- 
genogram showed persistent cardiac enlarge- 
ment. Cardiac catheterization revealed a right 
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Fig 4. (Patient 2.) Electrocardiogram made when the 
patient was 2/2 months old showing aberrant intraven- 
tricular conduction with widening of the QRS interval 
to 120 msec. Left ventricular hypertrophy and question- 
able right ventricular hypertrophy are present. 


ventricular pressure of 90/0-5 mm Hg, a pul- 
monary artery pressure of 30/15 mm Hg, and a 
bidirectional shunt at the ventricular level. 
Right ventriculography showed a large diver- 
ticulum, 7.5 cm in diameter, originating from the 
right anterosuperior portion of the right ven- 
tricular wall (Fig 5). This mass displaced the 
right atrium toward the right side. Its myocar- 
dium was heavily trabeculated, and its contrac- 
tility was normal. A membranous ventricular 
septal defect of 1.5 cm in diameter, stenosis of 
the pulmonary valve, and a moderate infun- 
dibular stenosis were visualized. 

Four years later, on May 31, 1978, the patient 
was readmitted for surgical repair. At opera- 
tion, the anterior portion of the right ventricle 
was occupied by a large 6 by 8 cm muscular di- 
verticulum of normal myocardial consistence 
and contractility (Fig 6). It displaced the right 
atrium to the right and the right ventricular 
outflow tract to the left. The right coronary ar- 
tery was large, and its course was abnormal. It 
originated from the left anterior descending 
coronary artery, crossed the right ventricular 
outflow tract just below the pulmonary an- 
nulus, and descended between the diver- 
ticulum and normal right ventricular wall to the 
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Fig 5. (Patient 2.) Anteroposterior cineangiogram (35 
mm) by right ventricular injection showing the right 
ventricular cavity (RV), main pulmonary artery (PA), 
infundibular stenosis (IS), pulmonary valvular stenosis 


(PVS), and large right ventricular diverticulum (D). 


p 
f 


Fig 6. (Patient 2.) Intraoperative photograph of the 
heart showing a large right ventricular diverticulum 
(D), displacing the right ventricle (RV) to the left, and 
the right atrium (RA) to the right. Note the abnormal 
rieht coronary artery, marked by black arrows. The 
aorta (Ao) is seen in its normal position. 
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diaphragmatic region where it continued in a 
normal inferior and posterior course. There was 
no visible coronary artery in the right atrioven- 
tricular groove. Through an atriotomy, a small 
septal defect was sutured and the tricuspid 
valve was seen to be normal. The summit of the 
ventricular diverticulum was opened, with care 
taken to avoid the large right coronary artery. 
The wall of the diverticulum was as thick as that 
of the right ventricle and had normal color and 
consistency. Its endocardium was heavily 
trabeculated and was free from chordae ten- 
dineae. It communicated with the right ven- 
tricular cavity through a 1.5 cm muscular an- 
nulus just overlooking the ventricular septal 
defect. The heart was cooled by pericardial irri- 
gation with cold saline solution, and the aorta 
was cross-clamped. Enlargement of the neck of 
the diverticulum was obtained by resection of 
muscle at its cephalad edge, and through this 
enlarged ring it was possible to place a patch 
over the ventricular septal defect and resect a 
fibromuscular infundibular stenosis. The ste- 
nosis of the pulmonary valve was repaired 
through the pulmonary artery by incision of the 
fused commissures. The redundant edge of the 
diverticulotomy was resected without any at- 
tempt to completely excise the diverticulum. 


Histologically the diverticular tissue showed 
hypertrophic myocytes with slight interstitial 
fibrosis. The postoperative course was un- 
eventful, and the child presently is doing well. 


Comment 
Right ventricular diverticulum is a rare lesion. 
The literature on this malformation is rather 
poor, and we have found reports on only 4 pa- 
tients (Table). Two were very similar to those 
we have described. The nature of the malfor- 
mation in our 2 patients and the 2 reported by 
Carter and associates [1] strongly suggests a 
congenital lesion, and we would agree with the 
hypothesis that the presence of an extra focus of 
growth in the outpouching primitive ventricle 
that is to form the right ventricle could be re- 
sponsible for the development of an extra right 
ventricular cávity. The 2 other patients previ- 
ously reported had small diverticula of the apex 
[2, 5], and these lesions may be of an acquired 
nature (pericarditis and myocarditis in the pa- 
tient of Cumming [2]). We suggest reserving 
the term true right ventricular diverticulum for 
those lesions in which the outpouching of the 
right ventricular cavity consists of normal myo- 
cardial tissue. 

Of the 4 patients with true diverticulum of 


Reported Instances of Right Ventricular Diverticulum 





Size by 
No. of Angio- 
Author Patients Age Site cardiogram 
Miller et al 1 12 yr Apical 2 cm 
[5], 1953 
Cumming 1 9 yr Apical 1.5 cm 
[2], 1969 
Carter et al* 2 2 mo Right 1.7 X 1.3 cm 
[1], 1970 basal 
aspect 
RV 
4 yr Right ? 
basal 
aspect 
RV 
Magrassi et al^ 2 4 yr Right 2.5 cm 
[present re- basal 
port], 1979 aspect 
RV 
5 yr Right 7.5 cm 
basal 
aspect 
RV 


Associated Contractility of Histology of 
Defects Diverticulum Diverticulum Outcome 
None ? 
ASD small Paradoxical Fibrotic Death (acci- 
dental) 
DORV 4 PS Normal Normal Death (car- 
+ abnor- diac failure) 
mal RCA 
TOF Paradoxical Fibrotic Death 
(postop.) 
TOF + apical Normal Normal Well 6 yr 
VSD postop. 
VSD + PS + Normal Slightly fi- Well 1 yr 
abnormal brotic postop 
RCA 





“Two cases of true right ventricular diverticulum. 


ASD = atrial septal defect; DORV = double-outlet right ventricle; PS = pulmonary stenosis; RCA = right coronary artery; RV = right 


ventricle; TOF = tetralogy of Fallot; VSD = ventricular septal defect. 
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the right ventricle, none showed symptoms re- 
lated to the diverticulum itself. In 3, the diver- 
ticulum was found incidentally in the course of 
angiographic investigation for tetralogy of 
Fallot. In the other patient, the diagnosis was 
tetralogy of Fallot but the lesion was found to be 
a double-outlet right ventricle with pulmonic 
obstruction. The diverticulum was found at 
postmortem examination. 

The clinical and anatomical observations in 
our 2 patients lead us to believe that these 
diverticula are not likely to rupture. The 
follow-up of our patients over a period of years 
showed that the diverticula grew with the ven- 
tricles and that, at the time of operation, the 
musculature of the walls was identical to that of 
hypertrophied right ventricular muscle seen 
with tetralogy of Fallot. The absence of symp- 
toms related to this isolated lesion is due to the 
fact that the walls of this extra right ventricle are 
made of normal cardiac muscle functioning in 
coordination with the right ventricle. 

The interesting association of right ventricu- 
lar diverticulum with ventricular septal defect, 
right ventricular infundibular stenosis, and 
pulmonary valve stenosis suggests the exis- 
tence of a common developmental factor among 
these malformations. However, at present we 
are not capable of substantiating such correla- 
tion with an embryological hypothesis. Right 
ventricular hypertension in itself does not seem 
to be a determining factor since right ventricu- 
lar diverticulum has never been reported in 
cases of pulmonary atresia with intact ven- 
tricular septum and a competent tricuspid valve 
in which a marked dilatation of the right ven- 
tricular sinusoids often can be observed, nor 
has any diverticulum been seen in severe iso- 
lated pulmonic stenosis. 

The ECG and VCG findings in these patients 
were of particular interest. The initial ECG was 
made when the patients were 1 day and 21⁄2 
months old, respectively, and control tracings 
were made at varying intervals. A VCG was 
first made when the patients were 41/2 years and 
215 months old, respectively. In all tracings, the 
ORS interval was prolonged due to marked 
terminal slowing of the intraventricular con- 
duction, thereby creating an aspect of complete 
right bundle-branch block [3]. However, in the 
presence of an abnormality of the right ven- 


tricular free wall such as a diverticulum, it could 
be assumed that the conduction disturbance 
was located in peripheral ramifications of the 
right bundle branch rather than in the main 
stem. This ORS prolongation was the out- 
standing electrocardiographical feature in our 2 
patients. As it is rarely, if ever, seen in uncom- 
plicated cases of tetralogy of Fallot or ventricu- 
lar septal defect with infundibular stenosis, it 
could perhaps be used as an early diagnostic 
clue for the presence of a right ventricular di- 
verticulum. 

With the improvement of radiological tech- 
niques, these lesions should be diagnosed pre- 
operatively in all patients. When they are pres- 
ent, special attention should be paid to the 
coronary arteries because they were abnormal 
in 1 of our patients and in 1 reported by Car- 
ter and co-workers [2]. These 2 patients were 
seen initially with a large right coronary artery 
originating from the anterior descending coro- 
nary artery and running along the groove be- 
tween the outpouching diverticulum and the 
normal right ventricle and not along its normal 
course in the atrioventricular sulcus. 

because of the normal contractility of this 
extra right ventricular cavity and of its total in- 
tegration in the right heart, we are in accord 
with Carter and associates [1] that it should not 
be resected unless its walls show signs of de- 
generation as demonstrated by paradoxical 
motion on angiogram. However, repair of 
obstructive lesions of the right ventricle, by re- 
ducing the pressure to normal levels in the right 
heart, may prevent long-term degeneration and 
aneurysm formation and, therefore, is indi- 
cated. Approach to the associated defects 
through the diverticulum will ensure accurate 
assessment of the diverticular walls and recog- 
nition of the precise anatomical relationship be- 
tween the diverticulum, the right ventricle, and 
the associated malformations to be repaired. At 
the same time, biopsy of the diverticular muscle 
can be carried out. In our second patient, it was 
possible to repair the intraventricular lesions 
through this incision, and avoid a second ven- 
triculotomy, which can impair ventricular 
function. In approaching the intracardiac le- 
sions through the diverticulum, it is not neces- 
sary to worry about the chordae or abnormal 
papillary muscles of the tricuspid valve; none 
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have been seen in our 2 patients or in the 2 re- 
ported by Carter and colleagues [1]. However, 
careful identification of the right coronary ar- 
tery is mandatory. Trauma not only to the right 
main coronary artery but also to its branches ir- 
rigating the diverticulum must be avoided 
since their interruption can cause infarction of 
the diverticular wall, with its possible immedi- 
ate and late complications. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-seventh Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Greenbriar, White Sulphur Springs, 
WV, Nov 13-15, 1980. There will be a $100 reg- 
istration fee for nonmember physicians except 
for guest speakers, authors and co-authors on 
the program, and residents. 

Members wishing to participate in the scien- 
tific program should submit abstracts in tripli- 
cate, by June 1, 1980, to John R. Derrick, M.D., 
University of Texas Medical Branch, Galveston, 
TX 77550. Abstracts should be double-spaced 
on one side of one sheet of paper, with a 1-inch 


left margin, and limited to 200 words. All slides 
used during the presentation must be 35 mm. 
The abstract must list a member as a co-author. 
Manuscripts of accepted papers must be sub- 
mitted to The Annals of Thoracic Surgery by Oct 
15, 1980. 

Applications for membership should be 
completed by Sept 1, 1980, and forwarded to 
E. P. Smith, Jr., M.D., 425 S Bath Club Blvd, 
N Redington Beach, FL 33708. 


Richard B. McElvein, M.D. 
Secretary- Treasurer 


Esophageal Atresia and Tracheoesophageal Fistula 


James V. Richardson, M.D., Sharon E. Heintz, P.A., Nicholas P. Rossi, M.D., 
Creighton B. Wright, M.D., Donald B. Doty, M.D., and Johann L. Ehrenhaft, M.D. 


ABSTRACT Fifty-seven babies were surgically 
treated for esophageal atresia and tracheoesophageal 
fistula between 1968 and 1978. Forty-eight (84%) had 
proximal esophageal atresia and a distal tracheo- 
esophageal fistula, 2 (4%) had proximal and distal 
esophageal atresia and no tracheoesophageal fistula, 
and 7 (1296) had a tracheoesophageal fistula with- 
out esophageal atresia. Primary repair was accom- 
plished in 43 patients (75%), colon interposition 
was required in 5 (9%), while the remainder had 
staged or palliative repairs. Forty-six (81%) survived 
surgical treatment. All 21 babies in Waterston Cate- 
gory A, 90% of 20 in Category B, and 44% of 16 
in Category C survived surgical treatment. Serious 
complications occurred in 17 (30%), and dilatable 
strictures and other minor problems developed in 27 
(47%). 

Late follow-up (mean, 48 months) revealed 3 (7%) 
late deaths, 2 of which were due to congenital heart 
disease. Three patients required late colon interpo- 
sition, and several require frequent dilatations of the 
esophagus. The Category A and B survivors are all 
functionally well, while the 5 surviving Category C 
patients are all significantly impaired by associated 
anomalies. 


Esophageal atresia and tracheoesophageal fis- 
tula were described by Thomas Gibson in 1697 
[1]. Ladd and Levin advanced the management 
of this anomaly some 243 years later when they 
successfully treated 2 patients by staged repairs 
[1]. 

Successful primary surgical repair was ac- 
complished in 1941 by Haight [7]. Since then, 
important advancements in supportive and 
surgical care for babies with this condition have 
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resulted in a steady improvement in results [9, 
18, 21, 22, 25, 26]. Concomitant complex anom- 
alies, preoperative pneumonia and sepsis, and 
prematurity continue to be the primary deter- 
minants of mortality in most recent surgical se- 
ries [9, 15, 21, 22, 25, 26]. 

This paper reviews the surgical experience 
with esophageal atresia and tracheoesopha- 
geal fistula of the Division of Thoracic and 
Cardiovascular Surgery at the University of 
lowa Hospitals and Clinics between 1968 and 
1978. The results are encouraging, but have 
prompted us to reexamine some of the details of 
our management. 


Material and Methods 

Fifty-seven babies with esophageal atresia and 
tracheoesophageal fistula were treated surgi- 
cally in the Division of Thoracic and Cardiovas- 
cular Surgery at the University of Iowa Hospi- 
tals and Clinics from 1968 to 1978. Thirty were 
boys and 27 were girls. Many were born pre- 
maturely, and 25 (4496) weighed less than 2,500 
gm. Weight, pneumonia, and associated anom- 
alies were used to group these patients accord- 
ing to the method of Waterston and associates 
[26]. Twenty-one (3796) of the babies had nearly 
normal to normal birth weight and no major 
pneumonia or other congenital anomalies (Cat- 
egory A). Another 20 (3596) were small, well 
babies or normal weight babies with moderate 
pneumonia or mild congenital anomalies (Cat- 
egory B). The remaining 16 babies (2896) were 
very ill, small babies with severe pneumonia or 
severe congenital anomalies (Category C). 

The anatomical defects followed the usual 
distribution: 48 patients (84%) had Type I de- 
fects, 2 (4%) Type II defects, and 7 (1296) Type 
III defects (Figure). Thirty-five patients also had 
other important congenital anomalies. These 
associated congenital anomalies included the 
following: gastrointestinal complications, 11 
patients; cardiovascular, 9; skeletal, 6; respi- 
ratory, 6; genitourinary, 2; and Down's syn- 
drome, 1 patient. 
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Distribution of anatomical types of esophageal atresia 
and tracheoesophageal fistula. 


Primary surgical repair (ligation of the 
tracheoesophageal fistula, esophagoesopha- 
gostomy, and usually gastrostomy) was per- 
formed in 43 patients (75%). Five complete re- 
pairs were staged. Colon interposition was 
necessary in 5 patients (9%); two were staged. 
Palliative procedures (esophagostomy, ligation 
of the tracheoesophageal fistula, and gastros- 
tomy) were performed in 9 patients (16%), 
primarily those in Category C. 


Early and Late Results 

In the entire group, 46 (8196) survived (Table 1). 
Serious complications occurred in 17 patients 
(3096) (Table 2). Forty-three (93%) of these early 
survivors are alive with a mean follow-up of 48 
months. Each Waterston [26] category is dis- 
cussed in turn. 


Category A 

Babies in this category have normal or nearly 
normal weight without major pneumonia or 
other anomalies. All of the 21 babies survived 
surgical repair. Major complications of anas- 


Table 1. Mortality of Surgical Repair 


Waterston No. of No. of 

Category Patients Deaths Percent 

A 21 0 0 

B 20 2 10 

E 16 9 56 
Total 57 11 19 


Table 2. Complications of Surgical Treatment 


No. of 

Complication Patients 
Major and minor leaks 15 
Strictures 15 
Mediastinal abscess/empyema 8 
Recurrent TEF + 
Duodenal perforation 2 

Total 44 


TEF = tracheoesophageal fistula. 


tomotic leaks requiring reoperation or pro- 
longed drainage and recurrent tracheoesoph- 
ageal fistula occurred in 4 (19%). Minor leaks 
and dilatable strictures occurred in 15 (71%). 
There have been no late deaths. One child 
required a colon interposition and the re- 
mainder are well. 


Category B 

Babies in this category are small and well or 
they have normal weight and moderate pneu- 
monia or other anomalies. Eighteen (90%) of 
these 20 patients survived surgical repair. Seri- 
ous complications occurred in 4 (20%) and 
minor complications in 12 (60%). There was 1 
late death 21⁄2 months postoperatively, which 
was due to a mediastinal abscess and tracheos- 
tomy obstruction. The remaining 17 patients 
are doing well. 


Category C 

Babies in this category are small and have se- 
vere pneumonia and other severe anomalies. 
Seven (44%) of the 16 children in this category 
survived operation. Five (71%) of the 7 who 
had primary definitive repair died. Four (57%) 
of the 7 patients who underwent palliative re- 
pairs died. Both patients who had staged re- 
pairs survived, however. Five (56%) of the 9 
deaths were due to severe pneumonia and sep- 
sis existing preoperatively. Serious complica- 
tions occurred in 9 patients (56%), 7 of whom 
died. Of those who survived, 2 (29%) died late 
of congenital heart disease. Both of them had 
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palliative procedures. Two others have re- 
quired colon interposition, and an additional 2 
have other serious congenital malformations. 


Comment 

Esophageal atresia occurs probably as a result of 
epithelial overgrowth within the lumen of the 
esophagus. Abnormal septation of the laryngo- 
tracheal groove results in tracheoesophageal 
fistula. Both of these conditions are thought to 
develop before the fourth week of gestation. 
Variations of classic esophageal atresia and 
tracheoesophageal fistula can be explained by 
partial maldevelopments in these areas [10, 20]. 

Several distinct types of esophageal atresia 
and tracheoesophageal fistula are described [10, 
11, 17]. Most commonly, esophageal atresia oc- 
curs with a distal tracheoesophageal fistula (ap- 
proximately 85% of cases). Esophageal atresia 
without esophageal fistula (approximately 8%), 
tracheoesophageal fistula without atresia (ap- 
proximately 4%), esophageal atresia with 
proximal fistula (approximately 1%), and 
esophageal atresia with double fistulae (ap- 
proximately 1%) comprise the remainder of the 
well known anatomical forms [10, 11, 17]. Our 
experience closely parallels these known inci- 
dences (see Figure). 

Waterston and associates [26] devised a 
method of classifying infants with this condi- 
tion. This classification has a strongly positive 
correlation with survival. Generally speaking, 
term babies with minimal pneumonia and as- 
sociated anomalies can be expected to do well. 
Small babies with severe pneumonia and other 
severe congenital anomalies do less well and are 
destined to difficult, long-term illnesses. Our 
experience illustrates that this classification is 
very useful in predicting the early results of 
surgical treatment (see Table 1). 

Proper medical therapy of infants with 
esophageal atresia and esophageal fistula be- 
gins with the pediatrician or family physician 
who first sees the child and makes the diag- 
nosis. Initial management should consist of 
esophageal sump suction [19], hydration, and 
antibiotics. Rapid transport to a facility that has 
a qualified surgeon is the next important step. 

Primary surgical repair, accomplished by 
Haight [7] in 1941, should be considered for all 


good-risk babies. Extrapleural exposure of the 
esophagus is preferred by us and most other 
authors [5, 6, 8-11]. Ligation of the fistula, re- 
pair of the tracheal defect, and esophagoesoph- 
agostomy with drainage of the area completes 
the operation. One-layer anastomosis, end- 
to-end, end-to-side [15, 24], or Haight’s [6, 
22] method, seem to be acceptable. Gastros- 
tomy is performed before, as a temporizing 
decompressing procedure, or as a part of the 
primary repair by most authors [6, 9-11, 13, 
14, 18, 21, 22]. In 1976, Tyson [25] advocated 
omission of this step, a concept with which we 
disagree. Delayed primary repair is preferred 
by several groups [5, 10, 11, 18] for moderate- 
risk babies to allow stabilization and improve- 
ment of medical problems. Gastrostomy is 
added to the primary management, and de- 
finitive repair is postponed for several days. 
Staged repairs for high-risk babies is proposed 
by us and several other groups [13, 14, 18, 22]. 
Variations on this management program in- 
clude prolonged delayed management or initial 
management coupled with gastrostomy, esoph- 
agostomy, and ligation of the tracheoesoph- 
ageal fistula with late primary reconstruc- 
tion. Late reconstruction, after resolution of 
other congenital anomalies and severe medical 
problems, may be accomplished primarily or 
by colon interposition. 

Colon interposition is generally reserved for 
babies in whom approximation of the two ends 
of the atretic esophagus is impossible. Elonga- 
tion of the proximal pouch by pneumatic dila- 
tation has been recommended by some authors 
[12, 23], but we have no experience with this 
technique. In 1965, Bentley [2] advocated pri- 
mary colon interposition in this situation, even 
in high-risk babies. It is not unusual for colonic 
interposition to be necessary after attempts at 
primary reconstruction. We believe that this 
procedure should be used rarely and that every 
effort should be made to approximate the ends 
of the atretic esophagus, recognizing that a 
higher leakage rate will occur. Most of these 
leaks, however, can be controlled and are well 
tolerated by babies if the extrapleural approach 
has been used. 

Early results are primarily related to the pre- 
operative status of the patients [26]. For good- 
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risk babies (Waterston Categories A and B), 
early survival of 70 to 100% can be anticipated 
[18, 21, 22, 26]. Survival in these groups in our 
series was 95% (39 of 41 patients). For severely 
ill patients (Category C), results are uniformly 
suboptimal [18, 21, 22, 26]. Early overall survi- 
val in this series was 44% (7 of 16 patients) for 
this group of babies. Five (7196) of our 7 pa- 
tients in Category C who underwent attempts 
at primary repair died, while both patients who 
had staged repairs survived. This experience is 
in agreement with that of Koop and colleagues 
[13, 14] who reported a 9296 survival (12 of 13 
patients) in these severely ill babies. Stothert 
[21], Strodel [22], and their co-workers reported 
similar good results with staged repairs in this 
group. 

Late results depend on operative results, in 
part, and on the initial clinical state. Despite ac- 
ceptable early results in Category C babies, 
these patients may die of other congenital 
anomalies or have a poor quality of life because 
of mental retardation and other severe prob- 
lems. Functional results for babies in Catego- 
ries A and B are generally good. Many patients 
require dilatation of late esophageal strictures, 
but can be managed well and have fairly normal 
growth and development. Burgess [3], Duran- 
ceau [4], Lind [16], and their associates demon- 
strated definite esophageal motor abnormalities 
in patients who have had repair of esophageal 
atresia and tracheoesophageal fistula. While 
stricture formation may be a manageable prob- 
lem, these motor dysfunctions of the esophagus 
may be a troublesome and often untreatable 
condition resulting in dysphagia. The majority 
of our patients had good long-term (mean, 48 
months) functional results. Some do have dys- 
phagia, probably related to stricture formation 
and also possibly to these motor derangements. 

We conclude that primary surgical treatment 
of esophageal atresia and tracheoesophageal 
fistula can be expected to give excellent early 
results in good- and moderate-risk patients 
with expected good long-term results. Staging 
of high-risk babies is most appropriate and 
probably will result in improved early survival 
although long-term functional results are often 
suboptimal. We believe that the extrapleural 
approach is preferable and that every effort 


should be made to approximate the atretic 
esophagus. Gastrostomy remains an essential 
part of our management of these children. 
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or changing the oxygen flow rate which increases or decreases carbon 
dioxide removal. 


E When the procedure takes longer than anticipated 
the TMO's more gentle treatment of the blood results in reduced damage 
to the formed eleme tts of the blood during extended bypass. 


the extra margin of flexibility — 
to meet the needs of many patients 


I TMO Adult Oxygenator provides 2.25 m? of membrane and is indicated 
for total bypass on patients at flow rates up to 6 liters per minute. 
Clinically the .TMO Adult Oxygenator has been used with patients 
weighing from 25 Kg to over 100 Kg. 


E TMO Pediatric/Infant Membrane Oxygenator provides 1.12 m? of surface 
area with a priming volume of the entire system as low as 860 ml. 

The TMO Pediatric/Infant Membrane Oxygenator has been used for 
patients weighing as little as 3 Kg. 


Iravenol's TMO membrane oxygenator 


has provided the "extra margin" 
in over 125.000 procedures 


i Independent published evaluations support the clinical 
superiority of TMO. 

Reports by Berry’ and DeBakey’ indicated that the TMO produced less 
trauma to the blood tnan bubble oxygenators. Solis? credited the TMO with 
better maintenance of platelet function. Heimbecker's team‘ found that the 
TMO contributed to lower levels of plasma hemoglobin, higher platelet 
survival rates and recuced postoperative bleeding. These findings were 
supported by Liddiccat et aF who verified the performance superiority of 
the TMO over bubble oxygenators. 
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unmatched versatility...well-documented performance 





120 HEMOLYSIS 4- 50 MICROEMBOL! PRODUCTION 100 PLATELET SURVIVAL 
= 
a T = 
100 40 = 8 
o = 80 
i, > 
80 x g 
o 30 © 60 
io D 
60 O | Q 
t D 
& 20 T & 40 
ae © s 
® 
20 § 10 20 
s 
Bubble TMO Venous Arterial Venous Arterial Bubble Bubble TMO TMO 
Oxygenator Membrane W— 0 —Ó—M Oxygenator Oxygenator Oxygenator ^ Oxygenator 
w/o filter* Oxygenator Bubble TMO w/filter w/o filter w/o filter w/o filter 
w/o filter Oxygenator Oxygenator (Source 1) (Source 1) (Source 1) (Source 2) 


Source: Graph constructed from data 
presented in reference No. 1. 
No. of cases -TMO Oxygenator 65 
Bubble Oxygenator 70 
*Bubble oxygenator w/filter— peak hemolysis 200 mg % 





Source: Graph constructed from data presented 
in reference No. 2. 


Source 1: Graph constructed from data 
presented in reference No. 1. 
Source 2: Graph constructed from data 
presented in reference No. 3. 





$B 100 PLATELET ACTIVITY — 25 POSTOPERATIVE BLOOD LOSS 700 POSTOPERATIVE 
x = Investigator Group A BLOOD LOSS 
E D T 600 Investigator Group B 
1 = 20 
a 9 75 = o 
5 2 = © 
ta uj D s. 
4m Z^ — t 
n E © 400 

— =< x 
ES 50 N Q 
cs n O 
QD OD) 25 dp © 200 
D D GS 5 
C C» — on 
So g O 100 
= © 
= en 
a: Bubble TMO Bubble TMO Bubble TMO Bubble TMO Bubble Bubble TMO 
= Oxygenator  Oxygenator  Oxygenator ^ Üxygenator Oxygenator ^ ÜOxygenator ^ Oxygenator ^ Oxygenator Oxygenator Oxygenator Oxygenator 

N N ee usion Time <60 min Perfusion Time 60-90 min 
ADP Concentration ADP Concentration 22 TM0 cases 15 TMO cases Source: Graph constructed from data presented 
2.0 um 0.2 um 23 Bubbler cases 16 Bubbler cases in reference No. 1. 
Source: Graph constructed from data presented All cases w/o arterial filter 
in reference No. 2. 
Source: Graph constructed from data presented 
in reference No. 4. 

REFERENCES WARNINGS 


1. Berry, WB., Davis, L., and Daniell, M.B. Clinical trial with a disposable membrane oxygenator. 
From the Division of Cardiovascular and Thoracic Surgery, Memorial Hospital, Chattanooga, 
Tennessee. (Unpublished data—reprint of study available.) 2. Beall, A.C., Jr., Solis, RT., Kakvan, 
V., Morris, G.C., Jr., Noon, G.P., and DeBakey, M.E. Clinical experience with the Teflo* disposable 
membrane oxygenator. Ann. Thorac. Surg., Vol. 21, No. 2, February 1976. 3. Solis, RT., Kennedy, 
PS. Beall, A.C., Jr., Noon, G.P, and DeBakey, M.E. Cardiopulmonary bypass—microemboliza- 
tion and platelet aggregation. Circulation, Vol. 52, July 1975. 4. Heimbecker, R.O., McKenzie, FN., 
Wall. W., Robert, A., Barnicoat, K T., and Gergely, N. Bloodless open heart surgery—the blood 
sparing effect of a membrane oxygenator and an atraumatic circuit. Abstract of paper submitted to 
the Society of Thoracic Surgeons, 1976. 5. Liddicoat, J.E., Bekassy, S.M., Beall, A.C., Jr., Glaeser, 
D.H., and DeBakey, M.E. Membrane vs bubble oxygenator: clinical comparison. Ann. Surg., Vol. 
181, No. 5, May 1975. 

INDICATIONS 

The Travenol TMO Membrane Oxygenator is indicated for the oxygenation of blood and the 
removal of carbon dioxide from itin an extracorporeal circuit during total cardiopulmonary bypass 
at flow rates up to 6 liters/minute at altitudes not in excess of 5300 feet (1615 meters). 


CONTRAINDICATIONS 
Selection of patients as candidates for oxygenation is totally a medical responsibility and the 
outcome is dependent on many variables, including patient pathology and surgical and perfusion 


procedures. 
In patients who are actively bleeding, medical judgment must be exercised in the use of the 


Evaluation of this oxygenator at elevated altitudes has shown inadequate outlet partial pressure 
for total bypass (apparently because of lower O, partial pressure differences across the 
membrane). Until appropriate modifications are made, use of this device at altitudes above 5300 
feet (1615 meters) is not recommended. 

Use of blood suction devices must be limited where possible. 
PRECAUTIONS 
Adequate heparinization is essential. If the oxygenator is used in hyperbaric environments, both 
sides of the oxygenator must be referenced to the same pressure. The gas outlet port should 
remain open and free of any obstructions. 

Before using, refer to complete directions accom panying the product. 
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CASE REPORTS 


Tricuspid Atresia 
with Dextrotransposition, 


Dextrocardia, and Mitral Insufficiency: 
Successful Circulatory Correction 


Rufus B. Jennings, Jr., M.D., Crile Crisler, M.D., 
David H. Johnson, M.D., and Robert D. Brickman, M.D. 


ABSTRACT A 13-year-old patient with visceral 
and atrial situs solitus, dextrocardia, dextro (D) trans- 
position of the great vessels with subaortic conus, 
tricuspid atresia, massive mitral valve insufficiency, 
and previously performed pulmonary artery band- 
ing was seen at our hospital. A right atrial to pul- 
monary artery conduit procedure and mitral valve 
replacement successfully repaired this child's circu- 
lation. 


Tricuspid atresia is an uncommon cardiac de- 
fect, occurring in 2.3% of children with con- 
genital heart disease [6]. Tricuspid atresia asso- 
ciated with dextrocardia is extremely rare. In 
an autopsy series, Van Praagh and associates 
reviewed 136 patients with dextrocardia. Tri- 
cuspid atresia was found in only 1 patient; in 
that patient, situs solitus and levo (L) transpo- 
sition of the great vessels were present [12]. Our 
patient demonstrates a unique surgical problem 
as well as a rare anatomical diagnosis. To our 
knowledge, a successful Fontan type procedure 
[2] with simultaneous mitral valve replacement 
has not been previously reported. 


A 13-year-old boy with cyanotic heart disease 
was seen at our hospital. When he was 1 month 
old, he was treated for congestive heart failure, 
and cardiac catheterization was performed at 
another institution. When he was 8 months old, 
a pulmonary artery banding procedure was 
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done at that hospital. His pulmonary artery 
pressure, which was systemic prior to banding, 
was banded to half of systemic systolic pres- 
sure. At 9 years of age, the patient moved and 
was lost to cardiac follow-up for approximately 
31⁄2 years. 

When seen at our institution, the patient was 
disabled with marked exertional dyspnea. A 
repeat cardiac catheterization was performed as 
was a partial exchange transfusion to reduce the 
hematocrit. The pulmonary artery mean pres- 
sure distal to the band was 19 mm Hg compared 
with an aortic mean pressure of 83 mm Hg. The 
aortic saturation was 80% with the patient well 
sedated and asleep. There was no peak systolic 
pressure gradient between the aorta and the 
ventricle. A review of the patient's angiocar- 
diograms revealed dextrocardia with visceral 
and atrial situs solitus, tricuspid atresia, an 
atrial septal defect, and dextro (D) transposition 
of the great vessels with a subaortic conus (Fig 
1) There was, in addition, massive mitral in- 
sufficiency, which had not been present when 
the child was catheterized at 8 years of age. The 
tight pulmonary artery band was evident on 
angiogram and by pressure measurement. 

The operation was accomplished through a 
median sternotomy and confirmed the dex- 
trocardia and the normal atrial situs. The left 
atrium was dilated enormously. The great ves- 
sels demonstrated p-transposition, with the 
aorta anterior and to the right of the medially 
positioned pulmonary artery. Cannulation for 
cardiopulmonary bypass was accomplished 
through the superior vena cava, the common 
femoral vein, and the ascending aorta. The left 
atrium was opened and the atrioventricular 
(AV) valve exposed. This was excised and re- 
placed with a 31 mm porcine xenograft (Fig 2). 
The atrial septal defect was closed using a run- 
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Fig 1. Angiocardiogram made in the lateral position 
when the patient was 8 years old. The aorta (Ao) is 
clearly anterior to the main pulmonary artery (MPA), 
which, with a subaortic conus, defines transposition of 
the ereat vessels. The massive mitral insufficiency seen 
when the patient was 13 years old was not present 
when he was 8. (Left ventricle = the smooth-walled 
ventricle, which is usually designated as the em- 
bryologically derived "left" ventricle.) 


ning suture. The main pulmonary artery was 
divided just distal to the band, and the prox- 
imal stump was closed. The distal end of a 20 
mm Dacron conduit with a porcine xenograft 
valve was appropriately beveled and anas- 
tomosed to the distal main pulmonary artery. 
The conduit was then brought posterior to the 
aorta and anastomosed to the right atrial ap- 
pendage, using a running suture. The presence 
of a p-transposition with the pulmonary artery 
located to the left of the aorta facilitated the po- 
sitioning of the conduit in this manner. 

The patient had ascites and an enlarged, pul- 
satile liver postoperatively, which cleared com- 
pletely within six weeks. Otherwise he had a 
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Fig 2. The surgical circulatory repair is outlined for the 
systemic circulation. The insufficient pulmonary venous 
atrioventricular valve was replaced with a porcine 
xenograft. Because the main pulmonary artery (MPA) 
has been divided from the left ventricle, all Pop ad 
venous blood is directed out the aorta (Ao). (LA = left 
atrium; Left ventricle — the smooth-walled ventricle, 
which is usually designated as the embryologically de- 
rived “left” ventricle.) 


very benign postoperative course. Although a 
brief period of AV junctional rhythm was seen 
in the operating room and led to the placement 
of permanent pacing wires, the patient sub- 
sequently has remained in sinus rhythm and 
has never required pacing. 

A catheterization was performed six months 
after the operation (Fig 3). The right atrial mean 
pressure was 10 to 11 mm Hg with an identical 
pulmonary artery pressure. Cardiac output was 
3 L/min/m?, and aortic saturation was 98%. 
There were no shunts or residual AV valve in- 
sufficiency. At the time of writing, the patient 
was completely asymptomatic 1 year after oper- 
ation. 
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Fig 3. Postoperative angiocardiogram made when the 
patient was 14 years old. Right atrial (RA) contrast in- 
jection in the anteroposterior projection. The valved 
conduit ts seen connecting the RA appendage and the 
main pulmonary artery (MPA). A left ventricular in- 
jection, not shown here, demonstrated elimination of the 
mitral insufficiency. 


Comment 

The complete classification of this child’s car- 
diac defects is complex. Dextrocardia is present 
because the heart is positioned in the right 
thorax. The visceral situs is normal, as defined 
by the position of the inferior vena cava, liver, 
and stomach. The atrial situs is normal on an- 
giogram, a finding confirmed at operation. 
Transposition of the great vessels is present, 
defined by an anteriorly positioned aorta witha 
posterior pulmonary artery as well as by the 
presence on angiogram of a subaortic conus 
(see Figs 1, 2). The great artery transposition is 
the dextro or D-type according to the classifica- 
tion of Van Praagh and associates [11, 12]. On 
angiogram, the systemic venous AV valve is 
atretic, a finding which was evaluated at oper- 
ation. 


The choice of surgical procedure in this pa- 
tient was simplified by the lack of alternatives. 
A systemic arterial-pulmonary artery shunt 
was excluded by the presence of massive mitral 
insufficiency. A ventricular septation proce- 
dure was eliminated by the presence of only 
one AV valve. A superior vena cava-right pul- 
monary artery anastomosis seemed unwise 
with a mean pulmonary artery pressure of 19 
mm Hg. We thought that an external conduit 
connecting the right atrium to the pulmonary 
circulation, as proposed by Fontan and Baudet 
[2] and others [1, 3-5, 7-9, 13, 14] was the only 
possible surgical approach. Although a mean 
pulmonary pressure of 19 mm Hg is borderline 
for such a procedure, we hoped that surgical 
elimination of the mitral insufficiency by valve 
replacement might lower the pulmonary pres- 
sure to a more acceptable level. 

In summary, we have presented the case of a 
13-year-old boy with a rare form of tricuspid 
atresia associated with Dp-transposition and 
dextrocardia. It is noteworthy that a successful 
right atrium- pulmonary artery conduit proce- 
dure was performed despite the need for mitral 
valve replacement and the presence of a pulmo- 
nary artery band. The decrease in pulmonary 
artery pressure following this operation is most 
likely related to the elimination of the mitral in- 
sufficiency. In addition, in the unusual instance 
in which a Fontan type procedure [2] is re- 
quired in a patient with situs solitus and 
dextrocardia, the presence of p-transposition 
greatly facilitates conduit placement. The short- 
term results of this operation have been excel- 
lent, both clinically and by catheterization. 


References 


1. Bowman FO jr, Malm JR, Hayes CJ, et al: Physi- 

ological approach to surgery for tricuspid atresia. 

Circulation 58:Suppl 1:1-83, 1978 

Fontan F, Baudet E: Surgical repair of tricuspid 

atresia. Thorax 26:240, 1971 

3. Gago O, Salles CA, Stern AM, et al: A different 
approach for the total correction of tricuspid 
atresia. J Thorac Cardiovasc Surg 72:209, 1976 

4. Kreutzer G, Galindez E, Bona H, et al: An opera- 
tion for correction of tricuspid atresia. J Thorac 
Cardiovasc Surg 66:613, 1973 


N 


372 The Annals of Thoracic Surgery Vol 29 No 4 April 1980 


5. Murray GF, Herrington RT, Delany DJ: Tricuspid 
atresia: corrective operation without a biopros- 
thetic valve. Ann Thorac Surg 23:209, 1977 

6. Rosenthal A: Tricuspid atresia, in Heart Disease 
in Infants, Children and Adolescents. Second 
edition. Edited by AJ Moss, FH Adams, GC Em- 
manouilides. Baltimore, Williams & Wilkins, 
1977, p 289 

7. Ross DN, Somerville J: Surgical correction of 
tricuspid atresia. Lancet 1:845, 1973 

8. Stanford W, Armstrong RG, Cline RE, et al: Right 
atrium- pulmonary artery allograft for correction 
of tricuspid atresia. J Thorac Cardiovasc Surg 
66:105, 1973 

9. Tatooles CJ, Ardekani RG, Miller RA, et al: 
Operative repair for tricuspid atresia. Ann 
Thorac Surg 21:499, 1976 


10. Van Praagh R, Ongley PA, Swan HJC: Anatomic 
types of single or common ventricle in man. Am J 
Cardiol 13:367, 1964 

11. Van Praagh R, Van Praagh S, Vlad P, et al: Diag- 
nosis of the anatomic types of congenital dex- 
trocardia. Am J Cardiol 15:234, 1965 

12. Van Praagh R, Weinberg PM, Van Praagh S: 
Malposition of the heart, in Heart Disease in In- 
fants, Children and Adolescents. Second edition. 
Edited by AJ Moss, FH Adams, GC Em- 
manouilides. Baltimore, Williams & Wilkins, 
1977, p 394 

13. Walker DR, Sbokos CG, Lennox SC: Correction 
of tricuspid atresia. Br Heart J 37:282, 1975 

14. Warden HE, DeWall RA, Varco RL: The use of 
the right auricle as a pump for the pulmonary cir- 
cuit. Surg Forum 5:16, 1954 


Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery will 
give a voluntary recertification examination in 
the fall of 1981. Diplomates interested in par- 
ticipating in this examination should maintain 
a documented list of their cardiothoracic op- 
erations performed two years prior to applica- 
tion for recertification. They should also keep a 
record of their attendance at thoracic surgical 
meetings and other continuing medical educa- 
tion activities for the two years prior to appli- 
cation for recertification. 


Some time during the summer a Recertifica- 
tion Brochure will be mailed to all diplomates 
outlining the rules and requirements estab- 
lished for recertification in thoracic surgery. 
This brochure will also contain information 
about applying for the voluntary recertification 
examination. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Rd, Detroit, MI 48205. 


Rhabdomyoma of the Heart: 


A. Diagnostic and Therapeutic Challenge 


Stuart Houser, M.D., Nick Forbes, M.D., and Scott Stewart, M.D. 


ABSTRACT The sector scan was decisive in estab- 
lishing the diagnosis of multiple rhabdomyomas of 
the heart in a newborn infant. Successful resection 
of the tumors was performed with profound 
hypothermia and limited cardiopulmonary bypass. 
Nine months later, the infant died of the complica- 
tions of tuberous sclerosis. This case report docu- 
ments the diagnostic accuracy of the sector scan and 
the potential benefit of aggressive surgical manage- 
ment of this condition. 


Congenital cardiac tumors present an uncom- 
mon challenge to the cardiologist and cardiac 
surgeon. A neonate with multiple intracardiac 
rhabdomyomas was treated in 1978 and fol- 
lowed at the University of Rochester Medical 
Center. The unique diagnostic accuracy of the 
sector scan and the aggressive surgical treat- 
ment of this patient provide the basis of this 
report. 


A 15-hour-old female neonate weighed 2.5 kg 
when she was admitted to the University of 
Rochester Medical Center. She was pink and 
active and in no respiratory distress. She had a 
grade 3/6 systolic murmur, which was loudest 
over the aortic area but radiated into the neck, 
back, and axillae. The femoral and brachial 
pulses were weak. The radial and pedal pulses 
were not palpable. 

The admission chest roentgenogram was 
normal, and a diagnosis of congenital aortic 
stenosis was considered. However, at cardiac 
catheterization, the left ventriculogram showed 
a mobile, lobular filling defect in the outflow 
tract just below the aortic valve (Fig 1). This 
filling defect resembled a cardiac tumor or a 
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nodular overgrowth of endocardial cushion tis- 
sue. 

The electrocardiogram was normal for the 
patient's age. A two-dimensional echocardio- 
gram, or sector scan, showed a mass in the left 
ventricular outflow tract, a probable mass in the 
right ventricular outflow tract, and a third mass 
in the right atrium in the base of the septum 
(Fig 2). 

The patient was operated on using limited 
cardiopulmonary bypass and circulatory arrest. 
The first tumor was located just below the nor- 
mal aortic valve and was adherent to the non- 
coronary cusp. It extended onto the anterior 
leaflet of the mitral valve and the ventricular 
septum (Fig 3). 

The right atrial tumor was adjacent to the 
coronary sinus and the atrioventricular groove 
and extended toward the opening of the in- 
ferior vena cava. This tumor was resected and 
the defect in the atrial wall closed without diffi- 
culty (Fig 4). 

The third tumor was a tiny nodule on the tip 
of the papillary muscle in the right ventricular 
outflow tract. It was avulsed from the papillary 
muscle with forceps without disturbing the 
suspensory apparatus of the septal leaflet of the 
tricuspid valve. 

Postoperatively, a multifocal seizure disorder 
was controlled medically, and it resolved by the 
fourth day. The patient otherwise had a benign 
postoperative course. A repeat sector scan prior 
to hospital discharge showed no evidence of 
intracardiac tumors. 

The patient was followed for a period of nine 
months. During that time, she was hemo- 
dynamically stable but did have a moder- 
ate degree of aortic valve insufficiency. There 
was electrocardiographic evidence of increased 
left ventricular forces. She had a mild left 
hemiparesis, which improved. She had no sei- 
zure activity. An electroencephalogram four 
months postoperatively was only mildly ab- 
normal. When she was 8 months old, the pa- 
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A 
Fig 1. (A) A systolic and (B) a diastolic frame from the 


left ventricular cineangiogram demonstrating the filling 
defect just below the aortic valve annulus. 





Fig 2. The two-dimensional echocardiogram demon- 
strating three intracardiac tumors, indicated by the 
numbers 1, 2, and 3. (TV = tricuspid valve; PV = pul- 
monary valve.) 
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Fig 5. The operative specimens showed the foamy and 
clear cell architecture of rhabdomyoma. (H&E; original 
magnification X100.) 





Fig 3. The subaortic tumor was exposed through an 
aortotomy. 


tient had reached the 50th percentile in weight 
and was developing slowly. Nine months after 
operation, she had a sudden respiratory arrest 
and died. Postmortem examination was done. 


Pathology 
Microscopically, all three tumors removed at 
Fig 4. (A) The tumor at the junction of the coronary operation showed the foamy and clear cell ar- 


sinus and atrioventricular groove was excised, and (B)  chitecture typical of rhabdomyoma of the heart 
the ensuing defect was closed directly. (Fig 5). At a higher power, the cross-hatched 
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Fig 6. A higher magnification illustrating the cross- 
hatched striations diagnostic of rhabdomyoma. (Elastic; 
x400 before 25% reduction.) 
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striations of the myofibrils were diagnostic of 
this tumor (Fig 6). A periodic acid-Schiff stain 
confirmed the presence of glycogen particles in 
the tumor cells. 

Postmortem evaluation of the heart revealed 
marked endocardial fibroelastosis and no gross 
evidence of residual tumor. However, multiple 
sections of the myocardium around the sites of 
surgical resection showed diffuse histological 
changes identical to those of the operative 
specimens. Additional pathological findings 
included diffuse tuberous sclerosis in the brain 
and renal cysts. 


Comment 

Rhabdomyoma is the most common cardiac 
tumor of infancy. More than 100 cases have 
been reported in the literature since it was de- 
scribed by von Recklinghausen in 1862 [5]. In a 
series of 36 patients with cardiac rhab- 
domyomas reviewed by Fenoglio and co- 
workers [5] from the Armed Forces Institute of 
Pathology, 9096 of the tumors were multiple. 
Although they were most frequently found in 
the left ventricle, they involved one or both 
atria in 3096 of the patients. The tumors par- 
tially obstructed a cardiac chamber or valve 
orifice in half the patients. At postmortem ex- 
amination, Farber [4] observed many small 
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tumors throughout the myocardium in 41 of 49 
patients with cardiac rhabdomyomas. These 
tumors are histologically benign and may rep- 
resent hamartomas derived from cardiac muscle 
cells [5]. 

The clinical usefulness of the sector scanner 
system was described by Griffith and Henry 
[7] in 1974. It provides highly sensitive, two- 
dimensional, real-time ultrasound imaging of 
sections of the heart chosen at various orienta- 
tions relative to its major and minor axes. The 
sector scan represents a noninvasive means of 
visualizing both normal and abnormal cardiac 
structures. In our patient, cardiac catheteriza- 
tion, although a helpful adjunct, provided in- 
complete information. The sector scan, by 
demonstrating all three tumors, provided com- 
prehensive data. 

Until 1960, rhabdomyoma of the myocardium 
had been reported only as a postmortem find- 
ing [11]. In 1972, Shaher [10] successfully ex- 
cised a rhabdomyoma obstructing the left ven- 
tricular outflow tract in an infant who was 1 
year old. We believe that the patient presented 
in this report is the youngest infant to date to 
survive such an operation. 

The death of our patient was attributed to the 
cerebral complications of tuberous sclerosis, 
which occurs in 5096 of infants with cardiac 
rhabdomyomas. Goyer and Bowden [6] re- 
ported the sudden death of a 10-month-old boy 
with tuberous sclerosis, diffuse cardiac rhab- 
domyomas, and endocardial fibroelastosis. 
This triad was described by Critchley [2] in 1932 
and has been considered invariably fatal [3]. 

According to Bloor [1], the mortality of pa- 
tients with rhabdomyomas of the heart is about 
50% in the first year of life and 86% before pu- 
berty. Surgical excision rhabdomyomas that 
have hemodynamic importance may, however, 
improve survival. Kilman and associates [9] re- 
ported excision of a large right atrial rhab- 
domyoma in a 9-month-old infant who was 
doing well one year postoperatively. Harinck 
and colleagues [8] resected two rhabdomyomas 
from the left ventricular apex of a 4-month-old 
boy. That patient was mentally retarded but 
was still alive nine years after operation. 

Treatment of infants with cardiac tumors 
clearly requires an aggressive surgical ap- 
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proach, especially when signs of tuberous scle- 
rosis are absent. Current techniques of deep 
hypothermia and circulatory arrest allow access 
to these tumors. While care should be taken to 
preserve critical structures around the tumors, 
all gross lesions should be totally excised when 
possible. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 
will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration for 1981 is Au- 
gust 1, 1980. The exact times and places of these 
examinations will be announced later. 


A candidate applying for admission to the 
1981 certifying examination must fulfill all the 
requirements for the Board in force at the time 
the application is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


Propranolol: An Unreco 
of Central Nervous System 


gnized Cause 
Dysfunction in 


Patients Undergoing Cardiopulmonary Bypass 


Abraham Lieberman, M.D., Itzhak Kronzon, M.D., Stephen Colvin, M.D., 
Jerome Lowenstein, M.D., and Ina Lieberman, M.D. 


ABSTRACT An organic mental syndrome de- 
veloped in a patient soon after he underwent repair 
of a dissecting thoracic aortic aneurysm. The opera- 
tion was accomplished with cardiopulmonary by- 
pass. Initially, the mental changes were thought 
to be related to the operation. However, they sub- 
sequently were shown to be associated with pro- 
pranolol. The potential role of propranolol in in- 
ducing central nervous system disturbances is 
emphasized, and the literature on the subject is 
reviewed. 


Propranolol hydrochloride (Inderal) a beta- 
adrenergic blocking agent, is widely used in the 
management of hypertension, angina pectoris, 
cardiac arrhythmia, and dissecting aneurysm. 
The adverse effects of this agent on the car- 
diovascular and respiratory systems include 
bradycardia, congestive heart failure, hypoten- 
sion, and bronchospasm and are well recog- 
nized. Additionally, gastrointestinal, hemato- 
logical, and allergic phenomena, although less 
common, are also easily recognized. Although 
described, effects of propranolol on the central 
nervous system (CNS) have not been em- 
phasized and often are not recognized. In the 
patient presented here, operation on car- 
diopulmonary bypass was done for repair of a 
dissecting thoracic aortic aneurysm; an organic 
mental syndrome developed. Initially, the men- 
tal changes were thought to be related to a 
complication of the operation and were thought 
to be irreversible. Subsequently, they were 
found to be associated with the administration 
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of propranolol and were reversible. We wish to 
reemphasize the potential of propranolol to 
cause CNS disturbances. 


A 61-year-old man sustained a dissection of 
the thoracic aorta. The dissection extended 
from the root of the aorta into the innominate 
artery and included the right subclavian artery. 
The right carotid artery as well as the left carotid 
and left subclavian arteries were patent. The 
dissection ended in the arch itself. The de- 
scending aorta and the abdominal aorta were 
normal. The patient had been in good health. 
There was no history of cerebrovascular, neu- 
rological, or venereal disease. He was hyper- 
tensive. There was no history of trauma. 
Repair was effected using cardiopulmo- 
nary bypass. Anesthesia was accomplished 
smoothly with diazepam, fentanyl, droperidol, 
pancuronium, and halothane. An initial flow 
rate during bypass of 500 ml per minute was 
increased every 3 to 5 minutes over 30 minutes 
to the minimum calculated rate. Nonpulsatile 
blood pressure during bypass was maintained 
at 50 torr. Core body temperature was 21°C. 
Total duration of aortic cross-clamping was 90 
minutes. There were no unusual intraoperative 
problems. At operation, cystic medial necrosis 
of the aorta was found. Immediately after oper- 
ation, the patient was noted to be awake and 
alert with appropriate affect and behavior. 
Postoperatively, because of the recent dis- 
section and to control hypertension, the patient 
was placed on a regimen of propranolol, 320 mg 
per day administered in divided doses. Within 
twelve hours after administration of the agent 
was begun, the patient became agitated and re- 
quired restraints. He was uncooperative and 
would not answer questions, and a detailed 
evaluation of his mental status could not be 
performed. Over the next 7 days, while in the 
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intensive care unit, the patient became less 
agitated but more withdrawn and confused. He 
recognized only members of his immediate 
family. Occasionally at night, he complained of 
formed visual hallucinations. Nocturnal sleep 
was adequate. The patient was afebrile, and 
hemogram, electrolytes, and liver, renal, and 
pulmonary function were all within normal 
limits. A toxic psychosis or "intensive care unit 
syndrome" was suspected; all medications ex- 
cept propranolol were discontinued, and the 
patient was transferred to a quiet room. 

Six days after he was transferred (20 days 
after operation), the patient remained confused 
and withdrawn. Examination at this time re- 
vealed that the patient, a college graduate and a 
successful, intelligent businessman, did not 
know the month or the year, nor the name of 
the president of the United States. He was able 
to spell a five-letter word forwards but not 
backwards. He was unable to comprehend and 
perform tasks involving simple similarities. He 
gave concrete responses to proverbs. He could 
not perform simple addition or subtraction. 
Immediate recall was normal, but the patient 
had difficulty with short-term memory and 
could not do simple tasks involving paired as- 
sociations. Affect was blunted, although upon 
questioning, the patient specifically denied that 
he was depressed. He was not delusional and 
did not hallucinate. 

The results of neurological examination with 
the exception of tests of higher intellectual 
function were normal. An electroencephalo- 
gram was moderately abnormal consisting of 5 
to 6 hertz medium voltage activity, which was 
diffusely distributed over both cerebral hemi- 
spheres in the waking record. Computed to- 
mography performed with and without contrast 
was normal. Lumbar puncture was normal. 

After 27 days, the patient remained confused 
and withdrawn. Because no specific etiology for 
the confusion had been found, the possibility 
that it was related to propranolol was raised. At 
this point, the patient's wife remembered that 
seven years earlier, the patient had become 
agitated shortly after being placed on a regimen 
of propranolol (for hypertension) and that the 
medication had had to be discontinued. The 
dose of propranolol was gradually reduced to 80 


mg a day, and, 32 days after operation, the pa- 
tient's condition was improved. Over the follow- 
ing 14 days, propranolol was gradually discon- 
tinued. At that time, 46 days after operation, 
there was a dramatic change in the patient's 
appearance. His behavior and affect were 
entirely appropriate, higher intellectual func- 
tions were intact, and repeat electroencepha- 
logram was normal. 


Comment 

Propranolol is almost completely absorbed from 
the gastrointestinal tract. Peak plasma levels 
occur in one to one and a half hours, and the 
biological half-life is two to three hours. There 
is no simple correlation between plasma level 
and therapeutic effect, and the sensitivity range 
of the dose is wide. Propranolol is concentrated 
in the lung, brain, liver, kidney, and heart [4, 9, 
10]. Consequently, it is not surprising that the 
drug should affect the CNS. However, the ef- 
fects were not appreciated in our patient be- 
cause they occurred in a setting of cardiopulmo- 
nary bypass, which in itself is often conducive 
to CNS dysfunction. Following cardiopulmo- 
nary bypass, patients can exhibit cerebral dys- 
function ranging from temporary exacerbations 
of preexisting focal neurological deficits to ir- 
reversible coma [1, 3, 13, 15]. 

The most important determinants of the vul- 
nerability of patients to CNS dysfunction in- 
clude age, a past history of cerebrovascular in- 
sufficiency, the type of procedure, duration of 
cardiopulmonary bypass, low extracorporeal 
perfusion pressure, hypothermia, and intra- 
operative surgical and anesthetic complica- 
tions, such as bleeding and hypotension. Cen- 
tral nervous system dysfunction secondary to 
these conditions is invariably manifested in the 
immediate postoperative period without a lucid 
interval. Brains of patients dying of these com- 
plications usually show both focal and general- 
ized areas of cerebral anoxia and ischemia. Air 
embolism, low extracorporeal perfusion, and 
hypotension alone or in combination appear to 
be the principal factors in the pathogenesis of 
these lesions caused by anoxia and ischemia. In 
addition, clinical observations have docu- 
mented a psychosis that develops after a lucid 
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interval in individuals who are in the intensive 
care unit [5]. This psychosis, which has been 
related to sleep deprivation, is always reversi- 
ble when the patient is transferred from the in- 
tensive care unit. Because no major intraopera- 
tive or anesthetic complication occurred in our 
patient and because the psychosis persisted 
after his transfer from the intensive care unit, 
none of the factors just mentioned could be im- 
plicated. 

Several reports have described a number of 
adverse effects of propranolol on the CNS [2, 6, 
7, 11, 12, 14, 16, 17]. These are usually dose re- 
lated, occurring at a mean dose of 160 mg per 
day. However, adverse effects have been noted 
on as little as 40 mg per day. Adverse effects are 
pleomorphic and include agitation, confusion, 
hallucinations and delusions in a clouded sen- 
sorium, hallucinations and delusions in a clear 
sensorium, and depression with or without 
confusion, hallucinations, or delusions. Para- 
doxically, propranolol in dosages up to 3,000 
mg per day has been reported to be bene- 
ficial in ameliorating symptoms and signs of 
schizophrenia in patients refractory to other 
psychotropic drugs [18]. Propranolol has been 
shown to have both sedative and anticonvul- 
sant properties [8]. 

Propranolol penetrates very rapidly into the 
brain and is selectively concentrated and bound 
in gray matter of the cortex, hippocampus, and 
thalamus [4, 9]. Although concentration of a 
drug in an organ does not necessarily indicate 
pharmacological activity, the concentration 
may be at least one prerequisite for this activ- 
ity. Since the presence of beta receptors in these 
and other regions of the brain have not been 
demonstrated conclusively, it is not certain 
whether there is any connection between the 
beta-adrenergic blockade of propranolol and its 
CNS effects. The production of a biphasic effect 
of the drug in our patient, an initial state of 
agitation followed by one of withdrawal, sug- 
gests a certain specificity of action in the CNS. 
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HOW TO DO IT 


Emergency Guidelines for AVCO/Datascope 
Intraaortic Balloon Pump Console Substitution 


John Binford, B.S., C.C.P., and Eugene A. Hessel II, M.D. 


ABSTRACT  Intraaortic balloon pumping is widely 
utilized for mechanical circulatory support of pa- 
tients with left ventricular power failure. Although 
intraaortic balloon pump consoles are quite reliable, 
malfunctions do occur. If a standby console of simi- 
lar make is not available, a console of a different 
manufacturer can be utilized to continue counterpul- 
sation. This article provides guidelines for the 
emergency driving of a Datascope pump console and 
an AVCO balloon catheter, and an AVCO pump 
console and a Datascope balloon catheter. The suc- 
cessful use of the Datascope pump and an AVCO 
balloon in 5 patients is reported. 


Although very dependable, intraaortic balloon 
pump (IABP) consoles occasionally fail to func- 
tion properly; should failure occur on a patient 
who is balloon pump- dependent, the outcome 
could be fatal. Sometimes a substitute IABP 
console of the same make is not available, 
but a console of a different manufacturer may 
be accessible. Therefore, we are providing 
guidelines for the emergency driving of already 
implanted IABP catheters with consoles of dif- 
ferent make. 


Methods 

When combining unlike systems, four factors 
must be reconciled: (1) an adequate electrocar- 
diogram must be made; (2) arterial pressure 
input must be obtained; (3) a simple, gas-tight 
connection is necessary to join the balloon 
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catheter with the pump console; and (4) optimal 
balloon fill volumes must be determined. 


AVCO Balloon with Datascope Console 
With an AVCO balloon and a Datascope con- 
sole,* these four conditions can be fulfilled. 


1. Datascope ECG leads are positioned so as 
to give an adequate ORS amplitude. 

2. A precalibrated arterial transducer is at- 
tached and zeroed. 

3. The AVCO balloon catheter is joined to the 
Datascope balloon chamber by a standard ta- 
pered male-male luer fitting (4.0 to 4.2 mm): 
(Fig 1). 

4. After purging the system with carbon 
dioxide, the rubber exhaust sleeve is closed and 
the system is evacuated with a large syringe in 
the normal manner. To avoid applying exces- 
sive suction to the AVCO catheter, we aspirate 
only 10 cc beyond the point at which resistance 
is first encountered. The safety chamber is then 
filled with CO,. A fill volume of 50 to 52 cc is 
recommended for a 40 cc AVCO balloon and a 
fill volume of 39 to 40 cc is recommended for a 
30 cc balloon. The Datascope console is now op- 
erated in the usual manner utilizing either the 
pressure-exhaust or exhaust-pressure mode. 


Datascope Balloon with AVCO Console 


Using a Datascope balloon and an AVCO con- 
sole,! the four conditions can be met also. 


1. An AVCO four-lead ECG cable is attached. 

2. A proper arterial pressure input is supplied 
to the pump. 

3. The Datascope balloon is attached to the 
AVCO console by interposing a section of sal- 
vaged AVCO tubing and a 40 cc pin connector. 
The AVCO tubing is severed between the rub- 


“System 80 Type 3510 console, Datascope Corp., Paramus, 
NY. 

'B-D Medical Products, Rutherford, NH. 

* Model 10, Roche Medical Electronics, Cranbury, NY. 
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IMPLANTED 
AVCO BALLOON 


Fig 1. Connection of an implanted AVCO balloon 
catheter to a Datascope pump console. A tapered (4.0 to 
4.2 mm) metal connector is inserted into the AVCO 
balloon connector and into the Datascope console safety 
chamber. 





AVCO CABLE TO 
AVCO PUMP 


Fig 2. Connection of an implanted Datascope balloon 
catheter to an AVCO pump. The Datascope balloon is 
joined to the AVCO pump console by means of sal- 
vaged AVCO balloon tubing. 


ber exhaust sleeve and the hard fiber catheter. 
The Datascope catheter is then inserted into the 
end of the AVCO tubing (Fig 2). 

4. The system is purged with helium in the 
usual manner through the rubber sleeve. A fill 
volume of 30 cc is recommended for a 30 cc 
dual-chamber Datascope balloon* and 33 to 34 
cc for a 35 cc dual-chamber Datascope balloon.' 
The vent sleeve is now closed, and the AVCO 
pump is operated in the normal manner. 


Selection of Fill Volume 

The most perplexing problem in the exchange is 
that of determining the proper fill volumes. In 
addition to risking possible balloon rupture, 
overfill of the system can delay deflation and 


*Model IH-30-18-14, Datascope Corp., Paramus; NY. 
* Model JH-35-20-16, Datascope Corp., Paramus, NY. 


DATASCOPE PUMP 


IMPLANTED 
DATASCOPE BALLOON 


thus interfere with proper afterload reduction. 
Underfill of the system decreases diastolic aug- 
mentation. Also, if the balloon is not com- 
pletely expanded during inflation, creases can 
lead to thrombus formation on the balloon sur- 
face. 

Optimal fill volumes were determined on the 
basis of two sets of information: by in vitro 
pressure-volume curves and by in vivo pres- 
sure augmentation. We constructed pressure- 
volume curves to determine the fill volumes 
that produced an intraballoon pressure of about 
100 mm Hg. This pressure is within the safety 
limits of the balloons, assures full expansion of 
each balloon at usual intraaortic pressure, and 
is the approximate operating pressure of the 
AVCO pump console. (The Datascope pump 
with Datascope balloon operates at a pressure 
of 300 to 400 mm Hg.) 

In vitro pressure-volume curves derived from 
connecting AVCO and Datascope balloons to 
the AVCO pump console are depicted in Figure 
3. A fully inflated 40 cc AVCO balloon produced 
a filling pressure of approximately 90 mm Hg, 
and a fully inflated 30 cc AVCO balloon pro- 
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Fig 3. Pressure-volume curves on an AVCO pump con- 
sole. 
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Fig 4. Pressure-volume curves in an in vitro system. 


duced a filling pressure of 112 mm Hg. A pres- 
sure of 100 mm Hg in the 30 cc and 35 cc Data- 
scope balloons was attained at a 30 cc and a 33 cc 
fill volume, respectively. These are the fill vol- 
umes used when the Datascope balloons are 
driven by an AVCO console. 

In vitro pressure-volume curves derived from 
connecting AVCO balloon catheters to the 
Datascope pump are shown in Figure 4. The fill 
volumes found to produce a filling pressure of 





Dota scope 30 cc 


EJ 
Dotoscope 35 cc 


Avco 40cc 


100 mm Hg in the 30 cc and 40 cc AVCO bal- 
loons were 39 cc and 52 cc, respectively. These 
are ised as the fill volumes when the AVCO 
balloons are driven by a Datascope console. 

In addition to in vitro pressure fill volume 
calcalations, we made in vivo observations in 5 
patients. We determined the minimal fill vol- 
ume required to achieve a maximum peak 
diastolic augmentation. A good correlation was 
found between in vivo- and in vitro-derived 
fill volumes. 


Clinical Experience 

Failure of the AVCO IABP console occurred in 5 
patients. Connections were made io the Data- 
sco»e console as already described. Two patients 
hac an indwelling 30 cc balloon catheter, and 3 
hac a 40 cc balloon catheter. A fill volume of 40 
cc was used with the 30 cc balloons and a fill 
volame of 50 cc was used for the 40 cc balloons. 
Counterpulsation with the Datascope console 
was utilized for 2, 4, 6, 7, and 22 hours, respec- 
tively, until the AVCO console was repaired. 
Satisfactory counterpulsation and hemodyna- 
mic stability was achieved in all 5 patients. 


Comment 

Presently available intraaortic balloon pump 
consoles are subject to occasional malfunctions. 
Wren balloon console failure occurs, not only 
could a pump-dependent patient become 
hemodynamically compromised but also clots 
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could develop on the surface of the implanted 
balloon. Another pump of the same type, if 
immediately available, is the most desirable 
alternative. If only a console by a different 
manufacturer is available, the already im- 
planted balloon can be removed and a new 
balloon that is compatible with a functioning 
console can be placed. This is time-consuming 
and means further operative intervention for 


the patient. A third option is to drive the im- 
planted balloon with a console by a different 
manufacturer. This was accomplished in 5 pa- 
tients for whom a Datascope balloon pump con- 
sole was used to drive an indwelling AVCO 
balloon. The techniques described here allow 
the interchange of AVCO and Datascope con- 
soles with AVCO and Datascope balloons as 
an emergency temporary measure. 


If you are not reading 
your own copy of 


THE ANNALS OF 
THORACIC SURGERY 


may we suggest that 
you subscribe today? 


See order forms 
on the reverse side. 


Act now to ensure that 
you do not miss a single issue 
of this exciting journal. 





Be sure to receive 
each monthly issue of 





THE ANNALS OF 
THORACIC SURGERY 


Enter your personal 
subscription order today. 


Simply fill in one of the attached order forms. E 


Mail it with your check to: 
The Annals of Thoracic Surgery 


Little, Brown and Company, 34 Beacon Street, Boston, MA 02106 


YES! Enter my subscription to The Annals of 
Thoracic Surgery. 
My check for $ is enclosed. (Payment 
must accompany your order.) Please circle the 
appropriate rate: 

U.S. Canada Foreign 









Individual $39.50 $40.50 $42.50 
Institution 44.50 45.50 47.50 
Student, Resident, 

Intern 29.50 30.50 32.50 





Name 






Specialty 
Address 





City State & Zip 
(All subscriptions entered on a calendar-year basis as 
long as supply remains.) 










And, if you don't 
already subscribe to 
THE LANCET 

it’s time you did! 


Simply fill in the attached order 
form and mail it with your check to: 
THE LANCET 

Little, Brown and Company 

34 Beacon Street 

Boston, MA 02106 








YES! Enter my subscription to The Annals of 
Thoracic Surgery. 


My check for $ is enclosed. (Payment 
must accompany your order.) Please circle the 
appropriate rate: 







U.S. Canada Foreign 


Individual $39.50 $40.50 $42.50 
Institution 44.50 45.50 47.50 
Student, Resident, 

Intern 29.50 30.50 32.50 











Name | val 

Specialty 

Address 

City State & Zip 

(All subscriptions entered on a calendar-year basis as 

long as supply remains. ) Se 

YES! Enter my subscription to The Lancet. 

My check for $ — is enclosed. (Payment 

must accompany your order.) Please circle the 

appropriate rate: 

Pprop U.S. and Canada 

Individual $45.00 

Student, Resident, E 
Intern - 36.50 | 

Name 

Specialty 

Address 


Ciy — A 


Stented Xenograft Valve Insertion 


Edward Proctor, M.D., and Trevor Jones 


ABSTRACT A simple holder and the associated 
technique for temporarily converting the stented 
xenograft type of valve into a Starr-Edwards config- 
uration are described. With this technique, the struts 
are not caught by the sutures during insertion. 


In 1967 and 1968, during early experiments with 
stented porcine valves in dogs [3], we found 
that the struts occasionally were caught by su- 
tures. This problem was resolved at the time by 


From the Department of Applied Physiology and Surgical 
Science, Royal College of Surgeons, London, England. 


Accepted for publication Apr 20, 1979. 


Address reprint requests to Dr. Proctor, Department of 
Applied Physiology and Surgical Science, Royal College of 
Surgeons, Lincolns Inn Fields, London WC2A 3PN, En- 
gland. 





Fig 1. Valve holder with the spring tines open. 


using a so-called shoehorn guard during inser- 
tion, which was adequate for experimental use. 
This guard evolved into a holder that was more 
suitable for clinical use.* Recently, our attention 
was drawn to some material in The Annals con- 
cerning methods of inserting stented xenograft 
valves [1, 2, 4]. Stefanik and associates [4] 
wrote that valve holders for this type of valve 
were unlikely to be available because of the 
possibility of damaging the valve leaflets. We 
have not had this problem, and submit the 
design and associated technique of a simple 
holder, which can be made in any surgical 
workshop. 


*Proctor E: Unpublished data, 1978. 





Fig 2. Valve holder containing a non-fabric-covered 
porcine valve. The tines are closed. 
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Fig 3. (A) Standard method of suturing a xenograft 
valve to the atrioventricular orifice. (B) Valve holder in 
the final position, with the sutures tied and the handle 
of the holder removed. (C) The knurled knob is un- 
screwed until the tines open. (D) The valve holder is 
gently withdrawn between the sutures. 





Technique 

The essence of the design is to temporarily 
convert the valve configuration into a Starr- 
Edwards form by enclosing the valve with three 
spring steel tines (Figs 1, 2). After the sutures 
have been placed in the normal manner, the 
embrace of the tines is released by unscrewing 
the knob above the tines. Then the tines are 
withdrawn between the sutures. The technique 
is illustrated in Figure 3. 

The valve holder was used most recently in 
an experimental mitral valve series in which a 
non-fabric-covered porcine valve was em- 
ployed. Because different sizes of valve were 
put in the same holder, a hole was included in 
each tine for a tacking suture. This should not 
be necessary when the valve holder is the same 
size as the valve. 
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Modified Procedure for Correction 
of Truncus Arteriosus, Types II and III 


J. Marvin Smith, III, M.D., and Denton A. Cooley, M.D. 


ABSTRACT A new modified procedure for correc- 
tion of types II and III truncus arteriosus defects is 
described. This method of intraluminal aortic patch 
placement to partition the pulmonary and systemic 
circulation has certain distinct technical and ana- 
tomical advantages in patients with this type of con- 
genital defect. Further, as the patient grows, it may 
prove to be a more versatile procedure. 


During the last decade, the accepted treatment 
for patients with truncus arteriosus has been 
correction of the defect. Because of the usual 
young age of the patient and the complex na- 
ture of the defect, correction often is technically 
demanding. Of the common types classified by 
Collett and Edwards [1], types II and III are 
more difficult to repair because of the origin of 
the pulmonary arteries. A modified technique 
of repair is described which simplifies the 
technical problems encountered, while permit- 
ting anatomical correction. Recent application 
of the technique in a young patient illustrates 
the advantages. 


Case Report 

A 4-year-old girl from Italy who had truncus 
arteriosus and weighed 10 kg was admitted to 
the Texas Heart Institute on December 5, 1978. 
She was known to have a cardiac murmur when 
she was 3 months old. When she was 1 year old, 
cardiac catheterization, done in France, re- 
vealed unspecified truncus arteriosus. Despite 
medical treatment, her growth was retarded and 
requirements for digitalis and diuretics in- 
creased during the third year of life. Because of 
her deteriorating condition, the patient was 
referred to this institution. 
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After admission, the patient underwent re- 
peat cardiac catheterization. A type II truncus 
arteriosus with pulmonary arteries of normal 
size was discovered. Although the pressure in 
the proximal pulmonary arteries was equal to 
systemic pressure, pulmonary vascular resis- 
tance was 0.6 that of systemic resistance. A 
nonrestrictive ventricular septal defect was pres- 
ent, and the truncal valve was tricuspid. There 
was nc valve insufficiency, and correction was 
recommended. 

On December 8, 1978, operation was per- 
formed through a standard median sternotomy. 
Normothermic cardiopulmonary bypass was 
used. The aorta was cross-clamped, and cold 
potassium cárdioplegic solution was instilled to 
induce cardiac arrest. The entire correction was 
performed during a period of myocardial isch- 
emia, which lasted 44 minutes. The aorta was 
openec transversely over the origin of the pul- 
monary arteries. The two arteries of normal size 
arose without a common trunk from a posterior 
indentation of the aorta (Figure). A woven Da- 
cron patch was fashioned and sewn over this 
chamber from within the aortic lumen, using 
4-0 braided polyester suture. This completely 
excluded the pulmonary circulation from the 
aorta, yet the lumen of the pulmonary arteries 
was maintained. The aortotomy was closed 
with a continuous 5-0 monofilament suture. 

The ventricular septal defect was explored 
through a longitudinal right ventriculotomy. 
The detect was characteristic of those encoun- 
tered in truncal defects. A double velour Dacron 
patch was placed so as to separate the two ven- 
tricles and direct the left ventricular outflow 
through the aorta. A 4-0 braided polyester con- 
tinuous suture was used to sew the patch in 
place. A longitudinal incision was made over 
the left main pulmonary artery coursing later- 
ally, cephalad to the left atrium (see Figure). A 
14 mm Hancock valve prosthesis was prepared 
and tailored for anastomosis to the arteriotomy. 
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(A) The truncus is opened to disclose the origin of the 
pulmonary arteries from a posterior indentation of the 
truncus. (B) The intraluminal patch is sewn in place to 
separate the pulmonary and systemic circulation. (C) A 
valved conduit is used to establish continuity between 
the pulmonary arteries and the right ventricle. The 
anastomosis is performed at a favorable angle in a por- 
tion of the artery that is exposed easily. (Inset) Cross- 
section showing that the lumen of the pulmonary ar- 
tery is preserved by the intraluminal patch. (Ao — 
aorta.) 


The proximal portion of the conduit was sewn 
to the edges of the ventriculotomy. 

When the aortic clamp was removed and air 
was evacuated from the heart, spontaneous 
cardiac action resumed. Satisfactory hemody- 
namic pressures were recorded, allowing 
weaning from cardiopulmonary bypass. After 
the cannulas were removed, measurements 
revealed a pressure of 25/15 mm Hg in the 


pulmonary arteries with no gradient be- 
tween the arteries on the right or left side of 
the aorta. No blood was used for priming the 
pump or during the procedure. The child had 
an uneventful recovery and was discharged ten 
days after operation with normal peripheral 
arterial saturation. 


Comment 

Although graft materials and valve prostheses 
have changed during recent years, the technical 
points of correcting type II truncus defects re- 
main the same as those reported by Cooley and 
Hallman in 1966 [3]. McGoon and co-workers 
[5] used this technique and in 1968 reported a 
survivor. The essentials of the method include 
(1) closing the ventricular septal defect, (2) 
separating the origin of the pulmonary arteries 
from the truncus, (3) repairing the aorta, and (4) 
anastomosing a conduit containing a valve to 
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the pulmonary circulation distally and to the 
right ventricle proximally. 

Several technical difficulties are inherent in 
this technique. Repairing the aorta, which 
often cannot be accomplished primarily, leaves 
a posterior suture line obscured by the aorta 
and conduit. After cardiac action resumes, 
bleeding from this area may be difficult to con- 
trol. If a tube graft is necessary for repair of the 
aorta, concern arises over its adequacy in rela- 
tion to growth of the patient. The angle of 
anastomosis between the conduit and the ori- 
gin of the pulmonary arteries may be unfa- 
vorable. In small children this may result in 
kinking with partial obstruction of either the 
pulmonary artery or the conduit. Any bleed- 
ing from the distal anastomosis also may be ob- 
scured by the posterior position, partially con- 
cealed by the aorta. 

In truncus arteriosus defects, types II and III, 
a spectrum is noted regarding the origin of the 
pulmonary arteries. Although there is no com- 
mon trunk, often there is a posterior indenta- 
tion or trough from which the arteries arise. 
The patch placed intraluminally serves to 
"roof" this space, thus converting it into the 
lumen for the pulmonary arteries. Our experi- 
ence with intraluminal aortic patches for repair 
of pulmonary artery deformities following 
Waterston-Cooley anastomosis assures success 


of this concept [2, 4, 6]. With this method, the 
number of suture lines is minimized. The 
anastomosis between the conduit and pulmo- 
nary artery can be placed at a more accessible 
location and is less likely to kink. The proce- 
dure is facilitated, thus reducing operative 
time. If future growth necessitates changing the 
conduit, the distal anastomosis need not be dis- 
connected entirely from the friable pulmonary 
artery. The anastomosis can be incised at one 
point and the new, larger conduit sewn par- 
tially to the artery and partially to the old graft. 
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CLASSICS IN THORACIC SURGERY 


Total Pneumonectomy 
Rudolf Nissen, M.D. 








Dr. Rudolf Nissen 


ABSTRACT In July, 1931, a 12-year-old girl sus- 
tained a crushing injury to the thorax. Tension 
pneumothorax, which suggested a tear in the left 
main bronchus, developed. Because of chronic pul- 
monary suppuration over the next several months, 
the decision was made to extirpate the left lung. 
Total pneumonectomy was attempted, but during 
the operation strong traction on the hilum resulted in 
temporary asystole. The operation was halted and 
resumed fourteen days later. The lung was freed and 
suture ligatures tied around the hilum, central to the 
bronchial obstruction. Two weeks later the necrotic 
lung sloughed off. A small bronchial fistula closed 
spontaneously. The patient lived for several years. 
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Haight and Graham completed successful pneu- 
monectomies in 1933, Graham's procedure being 
accomplished in one stage. In the 49 years since 
the first pneumonectomy, little has been added to 
the technique, save the achievement of superior 
hemostasis. 


Total pneumonectomy as first performed 49 
years ago was far from exhibiting a work of fine 
or polished technique. If any merit is deserved, 
it rests on the daring nature of the procedure; 
however, the requisite courage reflected more 
credit on the patient than on the surgeon. It 
may be interesting to students of the recent 
history of medicine to appreciate the surgeon's 
fears and doubts before such an extensive oper- 
ation especially since the only three recorded 
previous attempts had been unsuccessful [7-9]. 


Background 

When I became Sauerbruch's assistant in 1921, 
the situation was as follows: The great hopes 
arising from the development of methods to 
obviate the danger of an operative pneumo- 
thorax were not realized with respect to pulmo- 
nary resection. We soon learned that the suc- 
cessful outcome of these operations was due 
to an obliterated pleura, which made reopening 
of the ligated bronchus more or less harmless. 
In fact, closure of the bronchus was the 
paramount problem, and it was thought that 
the wisest policy might be to anticipate an in- 
sufficiency of the bronchial stump. 

It became a fixed rule that obliteration of the 
pleural space must precede a successful lobec- 
tomy, and much inventiveness was employed 
to produce this adhesive pleurisy. The hilum of 
the lobe was closed by placing an elastic tour- 
niquet around the hilum or mass-constricting 
ligatures, and waiting for the devascularized 
tissue to sequestrate. Thereupon, the open 
lumen of the bronchus emptied its contents into 
a walled-off operative field. 

In 1929, Harold Brunn [2] published a paper on 
one-stage lobectomy in a free pleural space. 
From the practical and historical angles, this 
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represented considerable progress, which was 
realized immediately in the English-speaking 
countries. However, the amazing results ob- 
tained by Brunn were due more to the institu- 
tion of an intercostal, subaqueous drainage in 
anticipation of a possible bronchial fistula than 
to the particular handling of the hilum. Re- 
moval of air and exudates and expansion of the 
remaining lobe were assured. 

When the problem of removing an entire 
lung arose, surgeons thought it desirable to 
stick to the old method because of the accumu- 
lated experiences with it in lobectomies. The 
problem, however, was not that of technique 
but rather functional involvement by the disease. 
There was little concern about the sudden loss 
of respiratory surface effected by pneumonec- 
tomy since traumatic operation and collapse 
therapy had shown how well defunction- 
alizing of an entire lung is tolerated. There 
was more concern about the empty space left 
after removal of an entire lung. To be sure, sev- 
eral cases of agenesis of one lung were reported 
in the literature [3], and the authors had ex- 
plained clearly how this problem was solved— 
by shifting the mediastinum, elevating the 
diaphragm, and shrinking the corresponding 
thoracic cage. The greatest apprehension, how- 
ever, centered around the sudden occlusion of 
the main branch of the pulmonary artery. 

A review of the literature on experimental 
pneumonectomy disclosed that the operation 
had been successfully performed on rabbits and 
dogs in many instances, even as far back as 1881 
and 1882 by Gluck [4] and Biondi [1]. In these 
experiments, the questions of adequate bron- 
chial closure and of provision for compensatory 
filling of the empty half of the chest by the 
remaining thoracic organs were discussed 


widely. 


Case Report 

The opportunity to attempt pneumonectomy 
presented itself to me in July, 1931. A 12-year- 
old girl had severe mediastinal emphysema 
following a crushing injury to the thorax. An 
immediate incision in the neck resulted in lib- 
eration of air through that incision. The simul- 
taneous presence of tension pneumothorax 
suggested a tear in the left main bronchus. Em- 


pyema of the left pleura developed, and drain- 
age was instituted. 

During the next several months, the symp- 
toms of chronic pulmonary suppuration de- 
veloped. An abscess in the third left intercostal 
space was drained. The wound communicated 
with the left main bronchus. Lipiodol (iodized 
oil) injected through the fistula demonstrated 
bronchiectasis of the entire left lung. Bron- 
chostenosis resulting from the injury to the 
main bronchus was the obvious cause of the 
pulmonary suppuration. Although the patient's 
general condition was not good, it was decided 
to extirpate the entire left lung. 

The two possible operative procedures were 
total pneumonectomy or multiple unilateral 
lobectomy. In favor of the latter was our com- 
paratively large experience with lobectomy. 
However, if a lower and upper lobectomy was 
done, a considerable portion of infected and 
dilated bronchi at the hilum would have to be 
left behind because of the low level of dissec- 
tion. Therefore, total pneumonectomy seemed 
to be the logical procedure with the under- 
standing that the tourniquet should be placed 
as high on the hilum as possible. 

After the left diaphragm was anesthetized, an 
axillary resection of the third to fifth rib was 
performed. The extensive adhesions offered no 
difficulties in freeing the lung. After the pedicle 
of the lower lobe had been exposed and while 
the upper lobe was being isolated, strong trac- 
tion on the hilum resulted in temporary asys- 
tole. The operation was discontinued, and the 
entire wound was packed. 

The second stage was performed fourteen 
days later on July 21, 1931. Beginning periph- 
erally, the upper lobe was freed. After the entire 
lung was freed, a suture ligature was tied 
around the hilum central to the bronchial 
obstruction, and additional silk ligatures were 
placed peripheral to the suture ligature. Gauze 
again was packed around the lung. 

After operation, the patient's temperature 
was elevated to 39°C for about a week. The ne- 
crotic lung sloughed off on the fourteenth post- 
operative day. The residual cavity decreased 
rapidly in size. This process was aided by the 
extreme rise of the diaphragm and the marked 
retraction of the mediastinum toward the oper- 
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Nissen, Exstirpation eines ganzen Lungentlugel- 
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SURGERY, GYNECOLOGY AND OBSTETRICS 


TOTAL REMOVAL OF LEFT 


LUNG FOR BRONCHIECTASIS' 


CAMERON HAIGHT, M D, Ass AgBOR, MICHIGAN 
From the Department of Surgery, University of Michigan 


N occasional cases of non-tuberculous pul- 
monary suppuration or neoplasm, complete 
removal of the affected lung offers the most 

certain and, at times, the only means of cure. The 
feasibility of resection of an entire lung has been 
demonstrated experimentally by many investiga- 
tors, several of whom achieved notable success. 
he clinical application of this procedure, how- 
ever, has been unsuccessful except in the single 
instance of Nissen, who, in 1931, resected the 
entire left lung for bronchiectasis. 

In the patient who is the subject of this article, 
the delayed removal of an aspirated foreign body 
resulted in a widespread pneumonitis and bron- 
chiectasis of the left lung. Soon after the removal 
uf the foreign body, the patient developed a spon- 
taneous tension pneumothorax and an acute em- 
pvema which required immediate airtight drain- 
age of the pleural cavity. As conservative meas- 
ures and, later, an extensive thoracoplasty were 
unsuccessful in relieving the symptoms of the 
severe residual bronchiectasis, complete removal 


of the affected lung was finally undertaken. The 
detailed history of the case follows: 


CASE REPORT 


Vivian L. aged 13 years The patient had been in good 
health prior to the onset of the present illness on January 
t3. 1942, at which time two teeth were extracted under gas 
inesthesia During the extraction the mouth was held 
yen hy a mechanical apparatus. On regaining conscious- 
ness following the anzsthesia, the patient complained uf a 
tickling: sensation in the throat, followed by a severe attack 
of coughing, nausea, and vomiting The symptoms of a 
severe pulmonary suppuration soon developed. Roent- 
senestams taken 4 weeks after the onset of the illness 
showed an infiltration of the greater portion of the left lung, 
a ferewo Lely in the left main bronchus, and a pleural 
waton as of effusion Although thoracentesis was per 
termed on three occasions, no pleural fluid was obtained 

On February 17. 1932, 33 days after the onset of the ill 
ness. the patient was admitted to the University Hospital 
She was acutely ill, coughing severely, and expectorating 
lange amounts of foul sputum Examination of the chest 
revealed immobility of the left side, fatness, absent breath 
sounds, and tactile fremitus except at the left apex. The 
physical tindings were these of an occlusion of the leit 
primary bronchus with a drowned lung There were no 
ibinotmal physical findings in the contralateral lung The 
ter tal temperature was 10460 degrees F; pulse, 140; and 
respirations. 60 The leucocyte count was 21.350. On 
rantineaph examination by Dr. Carleton B Peirce 
the lott thorax appeared to be almost uniformly obscured 
except for several patchy air-containing areas in the upper 
lobe at the level of the hilum Roentgenographic examina 
tion made through a Potter-Bucky diaphragm revealed a 


shadow of soft tissue density situated in the region of the 
left main bronchus. The roentgen diagnosis was a foreign 
body in the left main bronchus with resultant pulmonary 
suppuration and pleural effusion 

4 bronchoscopic examination was performed by Dr 
4 C. Furstenberg on the day of admission. A foreign body 
surrounded by granulation tissue was observed in the left 
primary bronchus. Immediately following its removal, an 
enormous quantity of very foul, thick, yellow pus was 
liberated. The amount was so great that it could not be 
aspirated through a suction tube and much of the pus 
flowed into the right primary bronchus, greatly embarrass 
ing the child's respirations. For several hours following 
removal of the foreign body, the patient was exceedingly 
cyanotic and death seemed imminent. Oni tion of the 
foreign body, it ge to be a piece of black rubber 
(17 centimeters by 1.2 centimeters by o6 centimeter), 
which had become dislodged from the mouth gag during 
the extraction of teeth 

The patient's condition remained critical Despite 
postural drainages every 2 hours, she continued to ex 
pectorate large amounts of foul smelling pus in the inter 
vals between drainages. There was a constant temperature 
elevation of from 101 degrees to 103.6 degrees F. by rectum 
Roentgenograms taken 6 days after the bronchoscopy 
showed a pneumonitis of the central portion of the right 
lung and only slight clearing of the infiltration in the left 
upper lobe; the lower half of the left thorax presented a 
uniform opacity. On the following day, thoracentesis was 
productive of 5 cubic centimeters of thin, straw colored, 
sterile fluid. It was planned to treat the pulmonary sup 
puration by bronchoscopic aspirations, and on February 29, 
this was begun. 

On March 2, 1932, the patient suddenly became dysp 
ncc and cyanotic. A diagnosis of perforation of the left 
lung with a spontaneous tension pneumothorax was verified 
by thoracocentesis, which revealed the presence of a large 
amount of foul smelling air under positive pressure. Air 
and considerable thick, foul, yellow pus containing spiro 
chztz, fusiform bacilli, and various pyogenic organisms 
were aspirated. Intercostal airtight drainage of the pleural 
cavity was immediately instituted and constant suction 
was applied to maintain expansion of the lung. It was 
necessary to keep the patient in an oxygen tent for 4 days, 
during which time there was gradual clinical improvement, 
although — demonstrated a pncumonic infil 
tration in the lower half of the right lung Two blood trans 
fusions were given and an abscess which developed beneath 
the extracostal muscles at the site of the last thoracocente 
sis was drained 

Ti c pneumonic process in the right lung cleared gradu 
ally un empyema cavity decreased rapidly in size The 
pulse, temperature, and respirations remained elevated and 
the daily amount of sputum varied between 40 and 192 
grams. On March 29, 1932, a temporary surgical inter 
ruption of the left phrenic nerve was produced — The 

tient continued to cough and expectorate foul sputum at 

requent intervals and at times the cough was so severe 
that it provoked vomiting 

\ series of four bronchoscopic aspirations was begun on 
April 16 and postural drainages were given at frequent 
intervals during the day and night. At each bronchoscopy, 
copious amounts of purulent secretions were aspirated, 
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Exstirpation eines ganzen Lungenflügels 
Von R. Nissen 


Die Resektion kortikal gelegener Lungenteile lalt sich ertole- 
sicher mit primarem Verschluß der Wundflache durchführen. Sie wird haupt- 
sichlich geübt, wenn Rifiwunden des Organs zu chirurgischer Versorgung 
zwingen, oder wenn Geschwülste der Brustwand Beziehungen su den unter- 
liegenden Randabschnitten der Lungen gewonnen hatten. Schwieriyer gestaltet 
sich das Vorgehen dann, wenn ein größerer Bronchus in die Schnitttlache fallt 
Trotz Unterbindung und Sicherung durch aufgestepptes Lungengewebe wird 
häufig der Verschluf wieder aufgerissen; bei freiem Brustfellspalt entsteht 
dann die gefährliche Pleuraphlegmone. Man hat daraus die Lehre gezogen, 
ausgedehnte Lungenresektionen nur unter dem Schutz allseitiger Brusttell- 
verwachsungen durchzuführen. Eine Reihe von Verfahren ist bekannt, durch 
die sich die notwendige Obliteration der Pleurablütter sicher erzwingen lilit 

Will man einen ganzen Lungenlappen esstirpieren, dann mul du 
Verschwartung sich auch bis zum Hilus hin erstrecken. Bei der Unzuver- 
lassigkeit jeder Art von Bronchusunterbindung kommt es, wenn dic Me- 
diastinalblatter zart sind, mit dem Abgleiten des Fadens in der Regel sin 
Retraktion des Luftréhrenastes. Mediastiaitis und Mediastinalemphysem sind 
dic Folge. Um die Versteifung der mediastinalen Pleura zu erzielen, ist mil- 
unter mehrfache Tamponade des Hilusgebietes vor der Ev- 
stirpation notwendig. Auch dann führen wir in der Absicht, die entzüund- 
liche Reaktion. im Bereich der Lungenwurzel noch zu steigern, trotz ge- 
sicherter Verschwartung des Brustfells jeweils nur die Umschnurunz 
des Hilus aus und überlassen das von der Ernährung ab- 
pesperrte Organ der Nekrose und Spontanabstoliung. Mit 
diesem vorsichtigen und auf. mehrere Sitzungen verteilten Vorgehen (st. es 
gelungen, unter 38 Lungenenstirpationen dic Sterblichkeit gering (M96) zu 
halten. 


Den besten Beweis fur den Wert der Methodik gibt aber die geglui hte 
Exstirpation cines ganzen Lungenflugels, dic ph ber cinen 
I2jahrigen. Madchen ausfuliren. konnte 


Sie kam nach Uberfahrung des Brustkorbes mit den 
schweren. Mediastinalemphysems in die Klinik. 
Dic sofortige Eröffnung des Mittelfellraums vom Juzulum her beseitigte 


zunachst. den bedrohlichen. Zustand 


Lyschemungen 


Standiges Nachflichen von Luft durch 
die Operationswunde, das gleichzeitige Bestehen eines Spannungspncumo- 
thorax liefen. keinen Zweifel, dab ein RiB im linken Hauptbronchus Ursache 
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Fig 1. (A) Cover of Zentralblatt für Chirurgie, Nov 2l, 
1931, the issue containing Nissen's article. (B) Title 
page of Nissen's article describing the first 
pneumonectomy. (Both reprinted with permission 


from the publisher.) 


Fig 2. Title page of Haight's article on total removal of 
left lung, from Surgery, Gynecology and Obstetrics, 
58:768, 1934. (By permission of Surgery, Gynecology & 
Obstetrics.) 


ated side. After eight weeks, only a small fistu- 
lous tract, which led to the stump of the left 
main bronchus, remained. 

The bronchial fistula closed spontaneously. 
The last picture of the patient was taken six 
years later in 1937. Her physical condition was 
excellent at this time; the left half of the chest 
showed signs of atrophy, which was particu- 
larly evident in the different size of the breasts. 


Comments 

The outstanding feature during the second op- 
eration was the absence of acute symptoms fol- 
lowing mass ligation of the hilum vessels; there 
was never noticeable dyspnea. This is in marked 
contrast to what is experienced in pulmonary 
embolism. Another observation in our patient 
was shown later to be the rule rather than the 
exception: in spite of a limited rib resection, the 
empty half of the chest was filled with the re- 
maining thoracic organs. I [10] published my 
report of this patient in November, 1931 (Fig 1). 
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Fig 3. (A) Cover of The Journal of the American Medi- 
cal Association, October 28, 1933, in which the article 
by Graham and Singer is published. (B) Title page 

of Graham and Singer's article on removal of the entire 
lung for carcinoma of the bronchus. (Both from Graham 
and Singer: JAMA 101:Cover, 1371-1374, 1933, Octo- 
ber 28, 1933 [5]. Copyright 1933, American Medical As- 
sociation.) 


One and a half years after this operation, the 
second successful pneumonectomy was per- 
formed by Cameron Haight [6] on a 13-year- 
old girl with diffuse bronchiectasis of the left 
lung (Fig 2). The technique used by Haight was 
essentially the same as mine except that the 
level of mass ligation was different. He thought 
it wiser to ligate the two lobes separately and 
leave more bronchial tissue behind. In both 
patients, a similar degree of stenosis of the 
main bronchus was present, but no unfavorable 
effects from the presence of the two remaining 
stumps were observed.* 

The third successful operation, that of Evarts 


"Cameron Haight in 1969 reported, shortly before his 
death, that the patient "is now married, has one child and is 
in excellent general health" (personal communication). 
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removed for carcinoma of the bronchus because if this 

should prove to be a feasible operation in properly 

: selected cases it is probable that many patients would 
Carcinoma of the bronchus in recent has be saved who otherwise would die of carcinoma. 

t is now 


SUCCESSFUL REMOVAL OF AN ENTIRE 
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the present time at least t 

uniformly Bd because of the complete futility of any 
methods of treatment other than surgical excision. 
There is ne record in the literature of the successful 
treatment by radiotherapy of a single case in which the 
pathologic evidence has incontrovertible and in 
which a five year interval without recurrence has 
elapsed be-ween the treatment and the time of reporting 
the case, despite the fact that many cases have been 
treated aceording to the most modern methods of using 
both x-rays and radium. It would seem, therefore, 
that unless some entirely new general principle in the 
treatment of carcinoma is devised, the only method that 
at present can offer any hope is the wide surgical 
removal of the tumor and the surrounding tissue. 

In a recent extensive review of the literature, Carlson 
and Ballom * of the Barnes Hospital have discussed the 
reported cases in which surgical removal has been 
accomplished or attempted. In all, there are apparently 
six cases im the literature in which a patient has sur- 
vived the surgical removal of the carcinoma and has 
been well at the time of the report. a year or more later. 
Two of these patients were operated on by Sauerbruch,* 
one by Chuzchill,* two by Tudor Edwards ? and one by 
Allen anc Smith. In these reported cases only a 
limited removal of lung tissue has been performed, 
amounting, however, in most cases to the removal of 
one lobe of the lung. In Churchill's case, the lower 
and middle lobes of the right lung were removed. 
There hawe also been six cases reported in which 
malignant tumors of the bronchi have been removed * 
bv means ef the bronchoscope. In practically all the 
latter cases. however. there is no evidence that sur- 
vival has extended bevond one vear. The case about 
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A. Graham [5], performed in April, 1933, has 
rightfully received much publicity because this 
time the pneumonectomy was done in one 
stage for carcinoma (Fig 3). When Haight and I 
ventured to remove a whole lung, it was our 
hope that surgical treatment of bronchogenic 
carcinoma might one day benefit from these 
experiences. The hope was quickly realized by 
Graham's brilliant operation and its splendid 
success. His patient, a physician 48 years old, 
was in the best of health fifteen years after the 
operation.* There was one shortcoming in 
Graham's one-stage procedure. While the oper- 
ation was fully successful in this particular pa- 
tient, it must be assumed that because a large 
intrapleural stump covered by some lung tissue 
is left behind, the majority of carcinomas of the 
main bronchus could not be dealt with ade- 
quately by this technique.* 


* At the time of Graham's death in 1957, his patient was in 
excellent condition and professionally active. 

*Dr. Graham's patient died in 1963. “A complete autopsy 
was obtained and there was no evidence of recurrence of 
the malignancy" (letter: TR Burford, April 2, 1971). 
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The turning point in the technical develop- 
ment of total pneumonectomy, particularly 
for bronchogenic malignancy, is represented 
by the successful mediastinal dissection by 
Rienhoff [13]. His method—individual ligation 
of the three main vessels and suture of the main 
bronchus—was in accordance with surgical 
principles established for other organs of the 
body. Rienhoff's operation, successfully per- 
formed in July, 1933, for fibrosarcoma in a child 
315 years old, concluded the experimental stage 
of total pneumonectomy [12]. 

In the ensuing 47 years, little has been added 
to the technique of total pneumonectomy, 
which achieves perfect hemostasis and permits 
fairly reliable closure of the bronchus. In some 
instances, hemostasis is facilitated greatly by 
the intrapericardial ligation of the pulmonary 
vessels. 

Regarding the importance of the first suc- 
cessful pneumonectomy, the operation may 
have encouraged other surgeons by demon- 
strating that sudden and permanent interrup- 
tion of half of the vascular pulmonary cir- 
culation in human beings is, as a rule, well 
tolerated. The empty space remaining after 
pneumonectomy is rapidly filled by compen- 
satory expansion of the other lung and by dis- 
placement of the heart and diaphragm. 
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Shown 24 hours post-implant, a cross- 
sectional 100X magnification of the 
porous tip-canine tissue interface. A 
fibrinoid collagen capsule has pene- 
trated the outer lattice. Optimally 
spaced platinum-iridium fibers have 
allowed electrode ingrowth to begin. 
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Shown five months post-implant, a 
cross sectional 100X magnification of 
the porous tip-canine tissue interface. 
Dense connective tissue has penetrated 
the intraelectrode spaces. The fibrotic 
capsule measures about 300 microns i 
thickness. 
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Extended in vitro activity* 
against gram-negative 
organisms': Escherichia 
coli, Klebsiella pneumoniae, 
Proteus mirabilis, P. rettgeri, 
P. morganii, P. vulgaris,' 
Enterobacter,! and 
Haemophilus influenzae." 


Among newer cephalosporins, 
only Mandol has in vitro 
activity* against H. influenzae 
comparable to that of 
chloramphenicol and superior 
to that of ampicillin.* 


Il: MANDOL 


Cefamanadole Nafate 


1 g (equivalent to cefamandole activity) in 10 and 100-ml-size vials. 


Demonstrated increased 

in vitro activity* against 
Enterobacter! as compared 
with other cephalosporins.^ 


In vitro activity* against 
gram-positive organisms, 
including Staphylococcus 
aureus, S. epidermidis, 
beta-hemolytic and other 
streptococci,’ and 
Streptococcus pneumoniae. 


Mandol provides in vitro 
activity* against anaerobes .ł 


Achieves therapeutic levels 
in pleural and joint fluids, in 
bile and bone.s 


May be-administered both 
I.M. and I. V. 
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See reverse side for summary of presckibing information. 


*|n vitro activity is not necessarily indicative of clinical 
effectiveness. 


TtPseudomonas, Acinetobacter calcoaceticus (formerly 
Mima and Herellea species), most Serratia, enterococciN 
(e.g., S. faecalis). and some strains of P vulgaris are 
resistant in in vitro tests. Initially susceptible strains of 
Enterobacter may occasionally become resistant durinc 
therapy. 


[Most strains of Bacteroides fragilis are resistant in vitro: 
however, infections caused by susceptible strains have 
been treated successfully. 


§ Tissue analysis gives primarily qualitative rather than 
meaningful quantitative data as to the presence or 
absence of an antibiotic in a particular body fluid or 
tissue. Therapeutic efficacy cannot be predicted by the 
level attained in a specific body fluid or tissue. 


Note: Mando! should be given cautiously to 
penicillin-sensitive patients and is contraindicated in 
patients with known allergy to cephalosporins. 


References: 

1. Antimicrob. Agents Chemother.. 9:452, 1976. 
2. Antimicrob. Agents Chemother.. 8:679. 1975. 
3. Antimicrob. Agents Chemother.. 8:91, 1975. 
4. Antimicrob. Agents Chemother.. 9:994, 1976. 


MANDOL "v 


Cefamandole Nafate 
Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mandol is indicated for the treatment of serious infections caused 
by susceptible strains of the designated microorganisms in the diseases listed below: 

Lower respiratory infections, including pneumonia caused by Streptococcus pneumo- 

niae (Diplococcus pneumoniae), Haemophilus influenzae, Klebsiella species, Staphylo- 
coccus aureus (penicillinase and non-penicillinase-producing), beta-hemolytic 
streptococci, and Proteus mirabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (both indole-negative 

and indole-positive), Enterobacter species, Klebsiella species, group D streptococci 
(Note: Most enterococci, e.g., S. faecalis, are resistant), and S. epidermidis 
Peritonitis caused by E. coli and Enterobacter species 
Septicemia caused by£. coli, S. aureus (penicillinase and non-penicillinase-producing), 
S. pneumoniae, S. pyogenes (group A beta-hemolytic streptococci), H. influenzae, 
and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and non- 

penicillinase-producing), S. pyogenes (group A beta-hemolytic streptococci), H. 
influenzae, E. coli, Enterobacter species, and P. mirabilis 

Bone and joint infections caused by S. aureus (penicillinase and non-penicillinase- 

producing) 

Clinical microbiologic studies in nongonococcal pelvic inflammatory disease in females, 
lower respiratory infections, and skin infections frequently reveal the growth of susceptible 
strains of both aerobic and anaerobic organisms. Mandol has been used successfully in 
these infections in which several organisms have been isolated. Most strains of Bacteroides 
fragilis are resistant in vitro; however, infections caused by susceptible strains have been 
treated successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefamandole. Therapy may 
be instituted before results of susceptibility studies are known; however, once these results 
become available, the antibiotic treatment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative sepsis or in 
patients with other serious infections in which the causative organism has not been 
identified, Mandol may be used concomitantly with an aminoglycoside (see Precautions). 
The recommended doses of both antibiotics may be given, depending on the severity of the 
infection and the patient's condition. The renal function of the patient should be carefully 
monitored, especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should continue for at least 
ten days. 


Contraindication: Mandol is contraindicated in patients with known allergy to the 
cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS 
HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

In newborn infants, accumulation of other cephalosporin-class antibiotics (witn 
resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidney function, evaluation of 
renal status is recommended, especially in seriously ill patients receiving maximum doses. 

Prolonged use of Mandol may result in the overgrowth of nonsusceptible organisms. 
Careful observation of the patient is essential. If superinfection occurs during therapy, 
appropriate measures should be taken. 

Nephrotoxicity has been reported following concomitant administration of aminoglyco- 
side antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's or Fehling's 
solution or with Clinitest* tablets but not with Tes-Tape* (Glucose Enzymatic Test Strip, 
USP, Lilly). There may be a false-positive test for proteinuria with acid and denaturization- 
precipitation tests. 

As with other broad-spectrum antibiotics, hypoprothrombinemia, with or without 
bleeding, has been reported rarely, but it has been promptly reversed by administration of 
vitamin K. Such episodes usually have occurred in elderly, debilitated, or otherwise 
compromised patients with deficient stores of vitamin K. Treatment of such individuals with 
antibiotics possessing significant gram-negative and/or anaerobic activity is thought to 
alter the number and/or type of intestinal bacterial flora, with consequent reduction in 
synthesis of vitamin K. Prophylactic administration of vitamin K may be indicated in such 
patients, especially when intestinal sterilization and surgical procedures are performed. 

Usage in Pregnancy — Safety of this product for use during pregnancy has not been 
established. 

Usage in Infancy — Mandol has been effectively used in this age group, but all laboratory 
parameters have not been extensively studied in infants between one and six months of age; 
safety of this product has not been established in prematures and infants under one month 
of age. Therefore, if Mandol is administered to infants, the physician should determine 
whether the potential benefits outweigh the possible risks involved. 


Adverse Reactions: Hypersensitivity — Maculopapular rash, urticaria, eosinophilia, and 
drug fever have been reported. These reactions are more likely to occur in patients with a 
history of allergy, particularly to penicillin. 

Blood — Thrombocytopenia has been reported rarely. Neutropenia has been reported, 
especially in long courses of treatment. Some individuals have developed positive direct 
Coombs tests during treatment with the cephalosporin antibiotics. 

Liver — Transient rise in SGOT, SGPT, and alkaline phosphatase levels has been noted. 

Kidney — Decreased creatinine clearance has been reported in patients with prior renal 
impairment. As with some other cephalosporins, transitory elevations of BUN have 
occasionally been observed with Mandol; their frequency increases in patients over 50 
years of age. In some of these cases, there was also a mild increase in serum creatinine. 

Local Reactions —Pain on intramuscular injection is infrequent. Thrombophlebitis 


occurs rarely. [062679] 
Additional information available to the profession on request. 
Su, Eli Lilly and Company 
Indianapolis, Indiana 46285 
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ACTUAL SIZE 


KELLOGG 
BIOPSY INSTRUMENT 


For obtaining LUNG and 
PLEURAL TISSUE 
in diffuse disease. 


Specimen is secured 
by aspirating lung or 
pleura into biopsy 


opening. BE 


TIP DOES NOT 
PENETRATE LUNG. 


Adequate pulmonary tissue may be obtained When your patient needs an immediate 

at the patient’s bedside with a reasonably low diagnosis in the over 130 types of diffuse lung 
incidence of pneumo thorax and negligible and pleura disease, use the ONLY 

chance of bleeding. INSTRUMENT that takes a surface biopsy 


This INSTRUMENT is also used to perform a omma diameter and 3.5mm in psp. 
simultaneous thoracentesis and pleural biopsy. For more information call or write: 


So MEDINA ENTERPRISES INC. PO. Box 555, Medina, Washington 98039 (206) 454-6205 











Consistency is our hallmark. 

The time to discover off-grade tubing is at 
our facilities, not yours. That's why the scrupu- 
lous care with which we manufacture Tygon 
tubing extends throughout our rigid quality 
control process. 

Norton employs dozens of intense quality 
control checkpoints, each documented to pro- 
vide complete traceability. Sophisticated in- 
strumentation assures total uniformity of physi- 
cal quality. Which means you can depend on 
Tygon tubing to provide consistently excellent 
service. 


Supple vet strong 
— the perfect blend. 

Tygon S-50-HL tub- 
ing is specifically formu- 
lated for the rigors of & $ 
extra-corporeal pump- % & 
ing. Each ingredient has " 
been carefully selected weg 
to provide superior Ex 
characteristics, such as 
good memory and re- 
sistance to spallation and rupture. 

The result is a tubing that combines the 
strength and durability required to withstand 
hours of pump abuse, with the flexibility 
needed for superior pumping performance . . . 
the best of both worlds. 






Laser-extruded 
for precision tolerances. 

To assure uniform i$ uc 
inner and outer diam- 
eters, Norton employs 
sophisticated laser mi- 
crometers, which con- 
tinually monitor the 
tubing as it is extruded, © 
and can sense dimen- E 
sional variances up to 


+ .0004". 








More importantly, these closed-loop feed- 
back laser systems actually control the extru- 
sion process for total uniformity. This helps 
prevent weak spots in the tubing wall, prime 
candidates for rupture. Plus, uniform tubing 
dimensions mean that flow rates can be more 
precise. 


Tested for biocompatibility to 


Class VI standards... and beyond. 

Tygon S-50-HL tubing has been extensively 
tested and documented for biocompatibility 
ever since its inception. Every batch of raw 
material is quarantined and rigorously tested 
by an independent laboratory before produc- 
tion can begin. 

Tests include those for acute toxicity, acute 
intracutaneous reactivity, intramuscular reac- 
tivity, pyrogenicity and neurological reaction. 
Any evidence of any trouble from any test and 
the entire batch of raw material is rejected. 

For your further assurance, we test Tygon 
tubing beyond what is required. We also test it 
for ethylene oxide residue, for hemolysis, for 
in-vitro coronary perfusion 
— including coronary flow 
rate, and myocardial con- 


tractibility, and in-vivo "an 
blood pressure determina- 

tion. Again, if one ounce of ' 
trouble appears, all material PAESI) ref 


is rejected. 


The assurance of Tygon tubing. 


Demand it. 

Don't be misled by claims of parity. There 
is only one tubing with more than 25 years of 
consistently excellent service backed up by a 
billion-dollar company . . . Tygon tubing. 

So you can be sure that you’re using Tygon 
S-50-HL tubing, we brand every foot with 
formulation and size. If the tubing you use 
doesn’t have these distinctive markings along 
its side, it’s not genuine Tygon tubing. 

There’s no need to sacrifice the assurance 
and dependability that Tygon tubing brings to 
enjoy the convenience of pre-made heart- 
lung packs. All you need to do is specify it — 
by name. 






Tygon tubing... 
the vital link between patient and pump. 


Call toll-free 1-800-321-9634 


——— CIL PLASTICS AND sywrHentcs DIVISION 


Q BOX 350 AKRON. OHIO 44309 TEL: /2/6/ 630-9230 


CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialities. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times the number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, to: Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, ABS certified, ABTS 
eligible, university trained, seeks association in group or 
partnership, or faculty position in university. No geo- 
graphical preference. Available from July, 1980. 


Please respond to W-207, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, mid 40s, extensive 
experience in cardiac, thoracic, and peripheral vascular sur- 
gery, presently member of established group, wishes to re- 
locate, preferably in new or developing program. ABS, 
ABTS. 


Please respond to W-215, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon completing university 
training program in Boston, June, 1980, seeks faculty posi- 
tion or association with private group. Well trained in all 
facets of adult and pediatric cardiothoracic surgery. ABS, 
ABTS eligible, FLEX certified. Curriculum vitae and bibli- 
ography available upon request. 


Please respond to W-216, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 36, wishes to relocate. Desires ac- 
tive university program or private practice with an 
academic bias. Principal interests are adult and pediatric 
cardiac surgery; extensively trained in all aspects of the spe- 
cialty in both US and overseas. In charge of two university 
programs to date. Currently in short-term research posi- 
tion. 


Please respond to W-218, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular-thoracic surgeon, 36, university trained, 
ABS, ABTS certified, wishes to relocate. Two years of pri- 
vate practice in cardiac, thoracic, and peripheral vascular 
surgery. No geographic preference. 


Please respond to W-219, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 








Thoracic and cardiovascular surgeon in private practice of 
cardiac surgery for three years wishes to relocate. ABS, 
ABTS certified; no geographic preference. Will send cur- 
riculum vitae upon request. 


Please respond to W-220, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Experienced cardiac and thoracic surgeon, 41, seeking to 
relocate. Six years' experience in an active private practice; 
trained at major midwestern university. ABS, ABTS cer- 
tified. Will consider all areas. Curriculum vitae upon re- 
quest. 


Please respond to W-221, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





SITUATIONS AVAILABLE 





Cardiac surgeon with intense experience in open-heart sur- 
gery in infants and children and adult cardiac cases desired 
to join geographic full-time program with established 
university-affiliated cardiac surgical program. 


Send curriculum vitae with letters of reference to Norman B. 
Thomson, Jr., M.D., Director of Cardio Thoracic Surgery, 
St. Francis Hospital, Port Washington Blvd, Roslyn, NY 
11576. 





Fellowship in pediatric cardiovascular and thoracic sur- 
gery. One-year program beginning July 1, 1980, includes 
emergency newborn surgery as well as elective closed and 
open cardiac surgical procedures. 


Please respond with curriculum vitae to A-163, The Annals 
of Thoracic Surgery, C-7079 University Hospital, Ann 
Arbor, MI 48109. 





Fellowship in thoracic and cardiovascular surgery available 
1980. 


Contact Drs. Urschel and Razzuk, Baylor University Medi- 
cal Center, 3500 Gaston Ave, Dallas, TX 75246; tel: (214) 
824-2503. 





Four cardiothoracic fellowships available. Applicants 
should have completed general surgical training with spe- 
cial interest and/or training in thoracic and cardiovascular 
surgery. Ultramodern cardiac facility, teaching affiliation 
with university, strong program in pediatric and adult car- 
diac surgery. Salary $34,000, plus excellent fringe benefits. 


Send curriculum vitae with letters of reference to Norman B. 
Thomson, Jr., M.D., Director of Cardio Thoracic Surgery, 
St. Francis Hospital, Port Washington Blvd, Roslyn, NY 
11576. 





Cardiac surgeon wanted to join private, well-established 
adult heart surgery practice in the Northwest as associate 
leading to partnership. Applicant must be of high caliber, 
university trained, ABTS eligible by 1980. Opportunity for 
recent graduate to develop into excellent surgeon. 


Please reply to A-171, C-7079 University Hospital, Ann 
Arbor, MI 48109. 








Cardiac surgeon needed to start cardiac surgery program in 
700-bed midwestern community hospital in association 
with two thoracic surgeons. Medical school affiliation, 2 
years of cardiac surgical experience, after residency, re- 
quired. 


Please respond to A-172, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Fellowship in thoracic and cardiovascular surgery available 
in active program beginning July 1, 1980. 


Please respond to A-173, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiac and thoracic surgeon wanted for Midwest group. 
Practice limited to adult and pediatric cardiac and thoracic 
surgery. Board certification or eligibility required; univer- 
sity training preferred. 


Submit curriculum vitae and names and addresses of three 
references to A-174, The Annals of Thoracic Surgery, C-7079 
University Hospital, Ann Arbor, MI 48109. 





Second perfusionist wanted for developing cardiac surgery 
program in western Kentucky. Competitive salary and 
benefits. 


Contact David M. Lolley, M.D., Trover Clinic, Clinic Drive, 
Madisonville, KY 42431; tel: (502) 821-7171. 





Associate wanted. Cardiovascular-thoracic surgeon seeking 
associate to begin next summer; growing practice in greater 
Kansas City area. 


Send reference letters with first correspondence to Jackie 
Sharp, Office Manager, Westowne IV, Suite 205, Liberty, 
MO 64068. 





Thoracic and cardiovascular surgeon wanted to join nice 
southern California practice limited to cardiac, thoracic, 
and vascular surgery. 


Please send curriculum vitae to KiHong Kwon, M.D., 2720 
N Harbor Blvd, Fullerton, CA 92635; tel: (714) 879-9170. 





Thoracic surgeon, Board-eligible or certified, wanted to join 
busy thoracic surgeon in the Boston area. 


Please respond to A-178, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic vascular surgeon needed for group of internists- 
cardiologists. Expertise in pacemakers; some general, no 
cardiac surgery. Must be ABS, ABTS eligible or certified. 
Located on Florida's Gulf Coast. 


Please respond to A-179, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





A-45 








Intermedics Pulse Generators 
INDICATIONS AND CONTRAINDICATIONS 


The indications for cardiac pacemaking are increasing as pacemakers become 
more sophisticated and as advanced methods for patient management become 
more widespread. Generally accepted indications for long-term cardiac pacing 
include but are not limited to: (1) sick sinus syndrome; (2) chronic, symptomatic 
crug-resistant sinus arrhythmias, including sinus bradycardia, sinus arrest, and 
sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, symptomatic 
second-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome; 
(5) bradycardia-tachycardia syndrome; (6) symptomatic bilateral bundle branch 
block; and (7) hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
addition, certain patients presenting with intractable, recurrent, congestive heart 
failure; cerebral or renal insufficiency; or recurrent, drug-resistant tachyarrhythmias 
who have been shown to benefit from temporary cardiac pacing are considered 
candidates for permanent cardiac pacemaking. 

The indications for permanent pacing in the presence of acute myocardial 
infarction have not yet been rigorously defined. Factors to be considered include 
the location of the myocardial infarct, the presence or absence of symptoms, ven- 
‘tncular rate, mechanism of the arrhythmias, and response to therapy. In general, 
symptomatic drug-resistant bradyarrhythmias which impair cardiac output are cons- 
idered indications for pacing in patients with acute myocardial infarction, regard- 
less of infarct location. 

There are no known contraindications to the use of pacemakers as a medical 
method for control of heart rate. However, body rejection phenomena such as 
local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported. 


CAUTION: Federal (U.S. A.) law restricts this device to sale 


by or on the order of a physician. 


NOTE: The CyberLith and the CyberLith Programmer are currently 


undergoing clinical evaluation. 


Intermedics Inc. 


Our business is life ™ 





THORACIC RESIDENCY—Approved Residency in 
Thoracic and Cardiovascular surgery available at 
large metropolitan center near NY city; 520-bed hos- 
pital with very active open heart and general thoracic 
surgery, and pacemaker programs. Candidate must 
have completed general surgery training. Salary 
$19,208; BC/BS and dental plan; 4 weeks vacation; 
comfortable apartments on premises if desired. 


Reply to: Isaac Gielchinsky, M.D., Director, Depart- 
ment of Thoracic & Cardiovascular Surgery, Newark 
Beth Israel Medical Center, 201 Lyons Ave, Newark, 
NJ 07112 Attn: Connie 








Thanks to a CyberLith™ 
pacemaker Connie’s life is 


back on track. 


FOR PATIENTS, LIKE CONNIE, WHO DON’T RESPOND 
TO DRUG THERAPY, A CYBERLITH CAN PROVIDE A 
NORMAL, ACTIVE LIFE. 


Less than four months after her pacemaker implant Connie 
Yanosick finished 98th out of 409 participants in an annual 
nationally sponsored 6.2 mile race. Connie is an active young 
woman. She is assistant coach of the women’s basketball team at 
Mount Aloysius College in Cresson, Pennsylvania, where she is 
studying to be an occupational therapist assistant. She is also a 
resident advisor in her dormitory and treasurer of the school’s 
Occupational Therapy Club. 


Like any college student, Connie enjoys visiting with her 
friends for late-night talk sessions. Classmates majoring in nursing 
frequently check Connie’s pulse just to experience what they term 
the pacemaker “click-in.” A member of an athletic family, twenty- 
year-old Connie still rough-houses with her siblings who don’t 
consider her to be “fragile or different." 


Obviously, Connie is a happy, healthy young woman. Her 
bradycardia is controlled by a CyberLith. Of course her personal 
lifestyle will change over the coming years. But the multi- 
programmable CyberLith will permit her physician to accommo- 
date her changing physical requirements. We feel very certain that 
Connie will experience a lot of living in the future. 


Connie's CyberLith is just one model in the growing family 
of specialized CyberLith pacemakers. Thin and lightweight, 
CyberLith pacemakers permit noninvasive adjustment of stimula- 
tion rate, pulse width, sensitivity level and pacing mode. And, 
the CyberLith has a longer history of reliability than any other 
programmable multi-parameter pacemaker line. CyberLith 
put Connie back on track. It could be the pacemaker of choice 
for your patients. 


f, Sa e 
Intermedics Inc. 


PO. Box 617 Freeport, TX 77541 
Tel: 713/233-8611 
Toll Free: 800/231-2330 


Our business is life. ™ 
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“athogens don | compromise. 
Why should you? 


soni, can cause serious p rc 
why scrubbing and prepping lee 
compromise with the quality of an antiseptic. 
l " snam peptic in deos is m we o Ak 


BETADINE = Microbicides i pompi Kill 

pe positive and gram-negative bacteria, 
ungi, viruses, protozoa and yeasts. 

BETADINE Microbicides have been 
documented specifically by name—and in the 
same formulations you employ in practice— 
in over 650 published reports encompassing 
thousands of clinical procedures. 

BETADINE Microbicides were also chosen 
by NASA for disinfection procedures in Apollo 
— and in the Skylab mission. 


— — BETADINE Surgical Scrub*—for surgical 
scrubbing and patient degerming. 


— — — BETADINE Solution or BETADINE 
Aerosol Spray—for patient prepping and 
postoperative antisepsis on incisions. 










mont 
antisepsis for scrubbing 
and prepping 


® 


*In the rare instances of local irritation or sensitivity, 
discontinue use by the individual. 


Purdue F 
© Copyright 1980, The Purdue Frederick Company/Norwalk, CT 06856 
225580 89458 
Chosen for Use 
at the 1980 
Olympic 





Winter Games 
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S-100 A Oxygenator S-070 Oxygenator Cardiotomy Reservoir 





Shiley offers the best in extra- 
corporeal perfusion products. From 
the S-100 A and S-070 oxygenators 
with proven, consistent performance 
and the convenient Cardiotomy 
Reservoir, to Perfusion Tubing Sets, 
Sterile Connectors, Cardioplegic 
Solution Delivery Sets and the 
Jamari-Kaplitt Pulsator, you've got 
the*fimest, most reliable perfusion 
products available. 


Shiley’s complete control of manu- 
facturing, from beginning to end, and 
strict adherence to quality control 
assures the consistency and relia- 
bility of each product shipped. And 
that's quality. At its best. 


Shiley Inc. 

17600 Gillette Avenue 
Irvine, California 92714 
(714) 979-0500 

(800) 854-3683 

Cable: SHILEYINCIRIN 
Telex: 68-5585 
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A seven OcCIOCK im e morning 
I'm only interested in one thing.” 
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Were proud to introduce 


VICROTHIN:- 


to you as the first phase 
In our pacing program 
for the future. 


MICROTHIN-D1 gives you the best features available in ventricular 
demand pacing . . . unexcelled reliability after seven'years of lithium 
pacing experience, plus carefully engineered prodüct refinements 

developed through CPI's dedication to pacing pérfection. 


MICROTHIN-P1 is the programmable ventricular demand pace- 
maker that sets the standard for easy programming and follow-up. 


EASY TO PROGRAM: It's a challenge to design a programming 
system that's easy to use. But CPI turns challenge into precedent- 
setting products and thus MIGROTHIN-P1 is unequalled in program- 
ming ease. A programming Sequence is completed in just 2.5 
seconds. 


EASY TO FOLLOW-UP. We've simplified your follow-up routine by 
taking the inaccuracy out of the replacementándicator. You don't 
need to trust calculations based on last programmed rate, length of 
implant, or output voltage. For all your patients, simply replace 
MICROTHIN-P 1 at a magnet rate of 85/ppm. 


PATIENT-ORIENTED OPTIONS. MICROTHIN-P 1 provides 90 


rates between 30 and 119. . .20 oütput choices from low diagnostic 
to high output. . .so your care fof each patient can be individualized. 


-YEAR WARRANTY EXTENSION 


Cardiac Pacemakers. Inc 
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Extended in vitro activity* 
against gram-negative 
organisms': Escherichia 
coli, Klebsiella pneumoniae, 
Proteus mirabilis, P. rettgeri, 
P morganii, P. vulgaris,' 
Enterobacter,! and 
Haemophilus influenzae.*? 


Among newer cephalosporins, 


only Mandol has in vitro 
activity* against H. influenzae 
comparable to that of 
chloramphenicol and superior 
to that of ampici!lin.? 


On call: MANDOL 


Cefamandole Nafat 


1 g (equivalent to cefamandole activity) in 10 and 100-mli-size vials. 


Demonstrated increased 

in vitro activity* against 
Enterobacter' as compared 
with other cephalosporins 4 


In vitro activity* against 
gram-positive organisms, 
including Staphylococcus 
aureus, S. epidermidis, 
beta-hemolytic and other 
streptococci, and 
Streptococcus pneumoniae. 


Mandol provides in vitro 
activity* against anaerobes ł 


Achieves therapeutic levels 
in pleural and joint fluids, in 
bile and bone.s 


May be-administered both 
ILM. and I. V. 


000312 


See reverse side for summary of prescribing information. 


*|n vitro activity is not necessarily indicative of clinica 
effectiveness 


tPseudomonas. Acinetobacter ca/coaceticus (former 
Mima and Herellea species). most Serratia, enteroct 
(e.g.. S. faecalis). and some strains of P vulgaris are 
resistant in in vitro tests. Initially susceptible strains « 
Enterobacter may occasionally become resistant du 
therapy. 


tMost strains of Bacteroides fragilis are resistant in vi 
however, infections caused by susceptible strains ha 
been treated successfully 


§ Tissue analysis gives primarily qualitative rather tha 
meaningful quantitative data as to the presence or 
absence of an antibiotic in a particular body fluid or 
tissue. Therapeutic efficacy cannot be predicted by t 
‘level attained in a specific body fluid or tissue 


Note: Mandol should be given cautiously to 
peniciliin-sensitive patients and is contraindicated In 
patients with known allergy to cephalosporins. 


References: 

1. Antimicrob. Agents Chemother., 9:452, 1976. 
2. Antimicrob. Agents Chemother., 8:679, 1975. 
3. Antimicrob. Agents Chemother.. 8:91.1975 
4. Antimicrob. Agents Chemother.. 9:994, 1976 


MANDOL "^v 


Cefamandole Nofare 


Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mandol is indicated for the treatment of serious infections caused 
by susceptible strains of the designated microorganisms in the diseases listed below: 

Lower respiratory infections, including pneumonia caused by Streptococcus pneumo- 

niae (Diplococcus pneumoniae), Haemophilus influenzae, Klebsiella species, Staphylo- 
coccus aureus (penicillinase and non-penicillinase-producing), beta-hemolytic 
streptococci, and Proteus mirabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (both indole-negative 

and indole-positive), Enterobacter species, Klebsiella species, group D streptococci 
(Note: Most enterococci, e.g., S. faecalis, are resistant), and S. epidermidis 
Peritonitis caused by £. coli and Enterobacter species 
Septicemia caused byE. coli, S. aureus (penicillinase and non-penicillinase-producing), 
S. pneumoniae, S. pyogenes (group A beta-hemolytic streptococci). H. influenzae, 
and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and non- 

penicillinase-producing), S. pyogenes (group, A beta-hemolytic streptococci), H. 
influenzae, E. coli, Enterobacter species, and P. mirabilis 

Bone and joint infections caused by S. aureus (penicillinase and non-penicillinase- 

producing) 

Clinical microbiologic studies in nongonococcal pelvic inflammatory disease in females, 
lower respiratory infections, and skin infections frequently reveal the growth of susceptible 
strains of both aerobic and anaerobic organisms. Mandol has been used successfully in 
these infections in which several organisms have been isolated. Most strains of Bacteroides 
fragilis are resistant in vitro; however, infections caused by susceptible strains have been 
treated successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefamandole. Therapy may 
be instituted before results of susceptibility studies are known; however, once these results 
become available, the antibiotic treatment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative sepsis or in 
patients with other serious infections in which the causative organism has not been 
identified, Mandol may be used concomitantly with an aminoglycoside (see Precautions). 
The recommended doses of both antibiotics may be given, depending on the severity of the 
infection and the patient's condition. The renal function of the patient should be carefully 
monitored, especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should continue for at least 
ten days. 


Contraindication: Mandol is contraindicated in patients with known allergy to the 
cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS 
HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

In newborn infants, accumulation of other cephalosporin-class antibiotics (with 
resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidney function, evaluation of 
renal status is recommended, especially in seriously ill patients receiving maximum doses. 

Prolonged use of Mandol may result in the overgrowth of nonsusceptible organisms. 
Careful observation of the patient is essential. If superinfection occurs during therapy, 
appropriate measures should be taken. 

Nephrotoxicity has been reported following concomitant administration of aminoglyco- 
side antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's or Fehling's 
solution or with Clinitest® tablets but not with Tes-Tape* (Glucose Enzymatic Test Strip, 
USP. Lilly). There may be a false-positive test for proteinuria with acid and denaturization- 
precipitation tests. 

As with other broad-spectrum antibiotics, hypoprothrombinemia, with or without 
bleeding, has been reported rarely, but it has been promptly reversed by administration of 
vitamin K. Such episodes usually have occurred in elderly, debilitated, or otherwise 
compromised patients with deficient stores of vitamin K. Treatment of such individuals with 
antibiotics possessing significant gram-negative and/or anaerobic activity is thought to 
alter the number and/or type of intestinal bacterial flora, with consequent reduction in 
synthesis of vitamin K. Prophylactic administration of vitamin K may be indicated in such 
patients, especially when intestinal sterilization and surgical procedures are performed. 

Usage in Pregnancy — Safety of this product for use during pregnancy has not been 
established. 

Usage in Infancy — Mandol has been effectively used in this age group, but all laboratory 
parameters have not been extensively studied in infants between one and six months of age; 
safety of this product has not been established in prematures and infants under one month 
of age. Therefore, if Mandol is administered to infants, the physician should determine 
whether the potential benefits outweigh the possible risks involved. 


Adverse Reactions: Hypersensitivity — Maculopapular rash, urticaria, eosinophilia, and 
drug fever have been reported. These reactions are more likely to occur in patients with a 
history of allergy, particularly to penicillin. 

Blood — Thrombocytopenia has been reported rarely. Neutropenia has been reported, 
especially in long courses of treatment. Some individuals have developed positive direct 
Coombs tests during treatment with the cephalosporin antibiotics. 

Liver—Transient rise in SGOT, SGPT, and alkaline phosphatase levels has been noted. 

Kidney — Decreased creatinine clearance has been reported in patients with prior renal 
impairment. As with some other cephalosporins, transitory elevations of BUN have 
occasionally been observed with Mandol; their frequency increases in patients over 50 
years of age. In some of these cases, there was also a mild increase in serum creatinine. 

Local Reactions —Pain on intramuscular injection is infrequent. Thrombophlebitis 


occurs rarely. [062679] 
"1 Additional information available to the profession on request. 
S m, Eli Lilly and Company 
Indianapolis, Indiana 46285 
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A MANUAL OF 
THORACIC SURGERY 


By Arndt von Hippel, Private Practice, Anchorage, 
Alaska. This is a basic, practical and up-to-date manual 
for the evaluation and treatment of patients with tho- 
racic surgical problems. The text employs, as a focal 
point or unifying concept, the manner in which physi- 
ology and surgery relate to closed chest drainage. 


The text includes chapters on: 


The Diaphragm 

The Chest Wall 

The Pleura 

Air Accumulations and Their Treatment 

Thoracentesis and Closed Thoracostomy 

The Water Seal as a Manometer of Intrapleural 

Events 

e Alternate Modes of Chest Drainage for Chest Bottle 
Suction 

e Drainage of Postoperative Intrapleural Air and 

Fluid Accumulations 

The Mediastinum 

Care and Removal of Chest Tubes 

Postoperative and Postinjury Care 

The Lung 

The Blood Pump 

The Pericardium 


In these discussions, the author brings together useful 
old and new approaches to and concepts of mediastinal 
and pericardial drainage; he expands upon simple and 
clinically proven practices; and he clearly and defini- 
tively identifies and analyzes the hazards inherent in 
many currently marketed chest drainage devices. 


REVIEWS: 


"Among recently published texts dealing with thoracic 
surgery, this manual by Dr. von Hippel may be regarded 
as unusual or even possibly unique. .. . useful reading 
for trainees in thoracic surgery as well as for those in- 
volved in the teaching of thoracic surgery.... a re- 
freshing iteration of problems, sometimes mundane, but 
always important in general thoracic surgical manage- 
ment." Cardiovascular Radiology 


"An interesting book and worthwhile; one man's expe- 
rience and opinion—it's refreshing. He writes clearly 
and simply of things he has experienced and thought 
about in often unorthodox but imaginative ways. 
... I here are new insights for almost anyone, concepts 
that seem not only innovative but sound." 
Anesthesiology 


“This littl book is a mine of useful information. 
... The style of writing is attractive, interesting, and 
clear. It is obviously the work of a very practical man 
who has given a lot of thought to all problems of tho- 
racic surgical management, big and small, over a very 
long experience." The Australian and New Zealand 

Journal of Surgery 


'78, 264 pp., 9 il., cloth-$17.50, paper-$10.75 


Prepaid orders sent postpaid, on approval 


CHARLES C THOMAS PUBLISHER 


301-327 East Lawrence Avenue e Springfield e Illinois e 62717 


NOW FROM SUTER. 


Ihe raliable, proven Srgloft heart vales. 


For more than 10 years and 
nd mitral valves hàve demo 
The Smeloff valves feature: | 
poppet with "mild cure" | minimal flow 


orifice | | open-ende 


in thousands of procedures, 
Nstrated superior reliability and effectiveness, 


pure titanium, on&piece cage | | solid silicone rubber 
turbulence to reduce clot forming potential 
d cage to reduce foci for thromb 


3940 Ruffin Road Suite A. San Diego, California 92423 (714) 569-8148 
For order placement call: (800) 854-2216 





Choose 
Avitene 


microfibrillar collagen hemostat 


When sutures or cautery may injure vital tissue, secondary necrosis or fistula 
formation may occur. Avitene forms an adhesive pAysiologic platelet plug 
which controls bleeding without damaging vital tissue. 


When additional sutures may compromise vascular anastomoses or increase 
bleeding by tearing weakened vessel walls, Avitene provides effective 
hemostasis without producing vascular stenosis. 


When bleeding sites are inaccessible to suture ligation, use of Avitene 
minimizes the need for time-consuming dissection and avoids tissue trauma 
resulting from organ manipulation. 


When there is generalized bleeding from vascular or friable tissues, 
Avitene adheres tenaciously to bleeding surfaces, providing rapid hemostasis 
with minimal foreign body reaction. Avitene is the topical hemostat 
which has even been demonstrated to control splenic bleeding. 


When there is bleeding from cancellous bone, Avitene, unlike bone wax 
and oxidized cellulose, controls bleeding without interfering with bone healing. 
And Avitene readily conforms to irregular surfaces and cavities, where 
other topical hemostats may be difficult to apply. 


When bleeding could prolong surgery by obscuring your visual field, 
use of Avitene permits surgery to proceed more quickly and also 
reduces the risks of prolonged anesthesia. 


When minimizing blood loss is critical, the use of Avitene 
may diminish the need for blood replacement and so avoid the potential 
complications of transfusion. 


for general and troublesome bleeding 
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Consider the advantages of Avitene... 


Reacts quickly with blood to trigger hemostasis 

Adheres to irregular bleeding surfaces even without suturing 
Rapidly effective; stable clot is established within minutes 
Readily absorbed by the body; no interference with healing 


.. particularly in cardiovascular surgery 


Effective in heparinized patients 
No stenotic effect in vascular anastomoses 
Controls bleeding from sternotomy 
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Avitene 


(microfibrillar 
acie hemostat) 


Saves blood—saves time 


General Surgery 
Controls bleeding from vascular and 


friable tissues 
Effective in multifocal bleeding 


Cardiovascular Surgery 


No stenotic effect on vascular anastomoses 


Controls bleeding from sternotomy 
Effective in heparinized patients 
Controls high pressure bleeding 


Orthopedic Surgery 
No interference with bone healing 


Conforms easily to irregular surfaces 
and cavities 


Gynecologic Surgery 
Controls bleeding from vaginal and 
bladder muscularis 


Avoids tissue trauma resulting from 
excessive suture ligation 


Neurosurgery 
Remains adherent during suctioning 


Does not need to be cut or shaped 
Does not swell 
Minimal foreign body reaction 


Distributed by 
:3$.. American Critical Care 
ee:: (formerly Arnar-Stone Laboratories) 


nd Park IL 60085 


Division of 
American Hospital Supply Corporation 


© 1980 American Critical Care 


Brief Summary of Prescribing Information 

Description: Avitene** (Microfibrillar Collagen Hemostat, or 
MCH) is an absorbable topical hemostatic agent prepared as a 
dry, sterile, fibrous, water insoluble partial hydrochloric acid salt of 
purified bovine corium collagen. In its manufacture, swelling of 
the native collagen fibrils is controlled by ethyl alcohol to permit 
noncovalent attachment of hydrochloric acid to amine groups on 
the collagen molecule and preservation of the essential morphol- 
ogy of native collagen molecules. Dry heat sterilization causes 
some cross-linking which is evidenced by reduction of hydrating 
properties, and a decrease of molecular weight which implies some 
degradation of collagen molecules. However, the characteristics of 
collagen which are essential to its effect on the blood coagulation 
mechanisms are preserved. 

Indications: Avitene (MCH) is used in surgical procedures as an 
adjunct to hemostasis when control of bleeding by ligature or con- 
ventional procedures is ineffective or impractical. 
Contraindications: Avitene (MCH) should not be used in the clo- 
sure of skin incisions as it may interfere with the healing of the 
skin edges. This is due to simple mechanical interposition of dry 
collagen and not to any intrinsic interference with wound healing. 
By filling porosities of cancellous bone, MCH may significantly 
reduce the bond strength of methylmethacrylate adhesives. MCH 
should not, therefore, be employed on bone surfaces to which 
prosthetic materials are to be attached with methylmethacrylate 
adhesives. 

Warnings: Avitene (MCH) is inactivated by autoclaving. Ethylene 
oxide reacts with bound hydrochloric acid to form ethylene chloro- 
hydrin. This product should not be resterilized. It is not for injec- 
tion. Moistening MCH or wetting with saline or thrombin impairs 
its hemostatic efficacy. It should be used dry. Discard any unused 
portion. As with any foreign substance, use in contaminated 
wounds may enhance infection. 

Precautions: Only that amount of Avitene (MCH) necessary to 
produce hemostasis should be used. After several minutes, excess 
material should be removed; this is usually possible without the 
re-initiation of active bleeding. Failure to remove excess MCH 
may result in bowel adhesions or mechanical pressure sufficient to 
compromise the ureter. In otolaryngological surgery, precautions 
against aspiration should include removal of all excess dry mate- 
rial and thorough irrigation of the pharynx. MCH contains a low, 
but detectable, level of intercalated bovine serum protein which 
reacts immunologically as does beef serum albumin. Increases in 
anti-BSA titer have been observed following treatment with MCH. 
About two-thirds of individuals exhibit antibody titers because of 
ingestion of food products of bovine origin. Intradermal skin tests 
have occasionally shown a weak positive reaction to BSA or MCH 
but these have not been correlated with IgG titers to BSA. Tests 
have failed to demonstrate clinically significant elicitation of anti- 
bodies of the IgE class against BSA following MCH therapy. Care 
should be exercised to avoid spillage on nonbleeding surfaces, par- 
ticularly in abdominal or thoracic viscera. Teratology studies in 
rats and rabbits have revealed no harm to the animal fetus. There 
are no well-controlled studies in pregnant women; therefore, MCH 
should be used in pregnant women only when clearly needed. 
Adverse Reactions: The most serious adverse reactions reported 
which may be related to the use of Avitene (MCH) are potentia- 
tion of infection including abcess formation, hematoma, wound 
dehiscence and mediastinitis. Other reported adverse reactions 
possibly related are adhesion formation, allergic reaction, foreign 
body reaction and subgaleal seroma (report of a single case). The 
use of MCH in dental extraction sockets has been reported to 
increase the incidence of alveolalgia. Transient laryngospasm due 
to aspiration of dry material has been reported following use of 
MCH in tonsillectomy. 

How Supplied: In 1 gm and 5 gm sterile jars of sterile microfibrillar 
collagen hemostat, all contained in a sealed can. Sterility of the 
jar exterior cannot be guaranteed if can seal is broken. Content of 
jar is sterile until opened. 


* Avitene is a registered trademark of Avicon, Inc. distributed by 
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EDITORIAL 


Cardiac Myxoma and Surgical History 


Raymond C. Read, M.D. 


Malpighi wrote a dissertatio de polypo cordis in 
1666 but Hodgkin early in the nineteenth cen- 
tury distinguished tumor from thrombus [1]. In 
1931, Yater [2] was able to collect 75 myxomas, 
the most common type of primary cardiac 
tumor, and by 1945, surgical removal was being 
suggested as the cure for this rare form of heart 
disease. Retrospective study of autopsied cases 
established the classic diagnostic triad but it 
was not until 1952 with the advent of cardioan- 
giography that the first antemortem diagnosis 
was made. Attempts at resection were unsuc- 
cessful until Crafoord employed cardiopulmo- 
nary bypass in 1954. 

As techniques of perfusion improved and 
operative embolism was obviated, mortality 
fell; and in the 1960s an increasing number of 
cures were reported. However, the report of re- 
currence by Gerbode and associates [3] led to 
the realization that cardiac myxomas, like other 
neoplasms, had their vagaries and that sur- 
geons were not dealing simply with organized 
blood clot. Even though most surgeons care- 
fully inspected all cardiac chambers and re- 
moved an ample portion of the atrial wall or 
septum, 26 recurrent generally “wilder” tumors 
were reported over the next decade, an esti- 
mated incidence of 4 to 14% [4]. Implantation be- 
fore or at operation seemed more of a menace 
than the postulated new primaries. Tumor em- 
bolism leads to considerable morbidity and 
even death, especially when the cerebral, other 
systemic, or pulmonary vasculature is plugged. 
In a few instances more sinister complica- 
tions ensued. Thus Ringertz [5] in 1942 de- 
scribed continuing growth of myxomatous em- 
boli in the blood stream while more recently 
Heath and MacKinnon [6] and New and co- 
workers [7] documented invasion of arterial 
walls with aneurysm formation. Hemorrhage 
and infarction can occur even some years after 
"successful" removal of the intracardiac lesion 
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[7]. Finally, growth in bone [8], brain [9], mus- 
cle, lung, and other viscera has been reported. 
This means that myxomas not only can arise 
singly or multiply from the various chambers of 
the heart, the aorta, or pulmonary artery but 
also that, despite a benign gross and micro- 
scopic appearance, they can metastasize. How- 
ever, peripheral myxomas can occur without 
a cardiac lesion [10]. 

Cardiac myxomas occur so rarely that no sur- 
geon can obtain a broad experience with their 
protean characteristics. Therefore it is fortunate 
that a number of reviews have been published 
recently. In this issue of The Annals (p 397), 
Attar and his colleagues carefully document the 
findings in 10 patients, mostly women. A baby 
treated nearly 20 years ago for a ventricular le- 
sion, which was originally called a rhab- 
domyosarcoma but then was reclassified as a 
mvxoma, is still alive. Physical findings in their 
patients were nonspecific but echocardiog- 
raphy provided unequivocal findings, which 
were confirmed by cardiac catheterization and 
angiography without complication. (Others [11] 
consider such invasive testing to be unneces- 
sary today.) Valve replacement was required in 
1 patient with a calcified myxoma. With the in- 
crease in endocarditis from drug addiction 
and hyperalimentation, valve involvement with 
tumor must be differentiated from a thrombus. 

In the report of Attar and co-workers, elec- 
tron microscopy reaffirmed that '"myxomas 
artse from multipotential mesenchymal cells 
that are capable of differentiating into various 
types of cells." Metastases may show chon- 
dromatous, osteogenic, giant cell, or fibroma- 
tous elements, thereby raising questions [9] as 
to which tumor is the primary and what it 
should be called. One of 7 survivors (14%) 
had recurrence. Two-dimensional echocardiog- 
raphy may become “the definitive method of 
diagnosis" and follow-up of the patient and 
family [12]. The authors found cold potassium 
cardioplegia and aortic cross-clamping to be 
particularly suited to en bloc resection of these 
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unusual tumors through a combined right and 
left atriotomy, as recommended by Kabbani and 
Cooley in 1973 [13]. Then, the atrial defect is re- 
paired using a Dacron patch. The overall expe- 
rience of Attar and colleagues reflects the ex- 
traordinary progress brought about by the 
introduction of open-heart operations 25 years 
ago. 
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ORIGINAL ARTICLES 


Cardiac Myxoma 


Safuh Attar, M.D., Yu-Chen Lee, M.D., 


Robert Singleton, M.D., Leonard Scherlis, M.D., 
Raffaele David, M.D., and Joseph S. McLaughlin, M.D. 


ABSTRACT Ten patients with cardiac myxoma 
were reviewed. They ranged from 23 months to 60 
years old. Echocardiography was the most helpful 
noninvasive diagnostic technique. The tumor was 
demonstrated by angiocardiography, left atrial 
myxomas frequently migrating to the left ventricle in 
diastole. Hemodynamically, left atrial myxomas 
were associated with moderately severe pulmonary 
hypertension and simulated mitral stenosis or in- 
sufficiency and right atrial myxomas, with right 
atrial hypertension. There were 7 myxomas in the 
left atrium, 2 in the right atrium, and 1 in the right 
ventricle. 

Eight patients underwent open-heart operation with 
removal of the myxoma, 1 had concomitant tricuspid 
valve replacement, and 1 had biopsy of the right 
ventricle only. The other patient was a Jehovah's 
Witness and refused operation. One patient died of 
cardiac arrest intraoperatively, and another died of a 
bilateral cerebral infarct. One patient had recurrence 
requiring reoperation. Postoperative hemodynamic 
and clinical improvement was more striking in pa- 
tients with a left atrial myxoma presumably due to a 
normal mitral valve in contradistinction to the 
tricuspid valve. 


Cardiac myxomas comprise 5096 of all primary 
cardiac tumors. About 75% are found in the left 
atrium, 20% in the right atrium, and 5% in the 
ventricles [11]. Typically, they are solitary and 
arise from a pedicle on or near the fossa ovalis. 
They occur three times as often in women as in 
men, most frequently in women in the third to 
sixth decades of life. They are considered be- 
nign tumors, though recent reports indicate 
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malignant potential [9, 17]. The preoperative 
diagnosis of such tumors has been facilitated by 
the advent of echocardiography, their essential 
nature better understood with electron micros- 
copy and tissue cultures, and the surgical re- 
sults improved by the advances in cardiac oper- 
ations and procedures. 

We review our experience with 10 patients 
with cardiac myxomas. Nine were diagnosed 
correctly preoperatively and managed surgi- 
cally. 


Material and Methods 

Ten patients with cardiac myxoma were treated 
at the University of Maryland Hospital between 
1960 and 1979. Age and sex distribution and 
anatomical location of the tumor are sum- 
marized in Table 1. There were 7 tumors in the 
left atrium, 2 in the right atrium, and 1 in the 
right ventricle. One of the right atrial tumors 
was associated with severe tricuspid insuffi- 
ciency. The right ventricular myxoma was un- 
usual since it occurred in a 24-month-old child. 
The tumor infiltrated the wall of the right ven- 
tricle and initially was thought to be a rhab- 
domyosarcoma. However, final microscopy 
sections showed it to be a myxoma. 

The symptoms associated with the myxomas 
are listed in Table 1. Nine patients were seen 
initially with cardiac symptoms; 5 of them had 
congestive heart failure and 3, angina pectoris. 
Neurological symptoms were prominent in 1 
patient (Patient 5) who had episodes of numb- 
ness in the right upper and lower extremities, 
apraxia, loss of consciousness, and loss of vi- 
sion in the left eye. Constitutional symptoms in 
the form of fatigue and weight loss were en- 
countered in 3 patients and as Raynaud's phe- 
nomenon in 1. Embolic phenomena occurred in 
2 patients and resulted in cerebral and retinal 
emboli in 1 patient (Patient 5) and showers of 
petechiae on the arms and legs in the other (Pa- 
tient 8). 
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Table 1. Summary of Data on 10 Patients with Cardiac Myxomas 





Operation 


Excision of myxoma 


Excision of myxoma 


Excision of myxoma 


Excision of myxoma 
Excision of myxoma 


Excision of myxoma 


None 


Excision of myxoma, 
tricuspid replace- 


Result 


Survived; well 


Survived; recurrence 3 
years later with 
tricuspid insuffi- 
ciency; atrial myx- 
oma excised 

Survived; well 


Survived; well 


Died: bilateral brain 
infarction 


Died: bleeding, car- 
diac arrest 


Died: Jehovah's Wit- 
ness; no operation 
Survived; well 


Patient No., 
Age (yr), 
Sex Symptoms Operative Findings 
1, 49, F Dyspnea, L atrial myxoma 
chest pain 
2. 97, M Dyspnea, L atrial myxoma 
fatigue 
3. 21, M Dyspnea, L atrial myxoma 
fatigue, 
syncope, 
angina 
4. 43, F Dyspnea L atrial myxoma 
5. 52, F Numbness, L atrial myxoma 
apraxia, loss 
of vision 
6. 99, P Dyspnea, L atrial myxoma 
chest pain, 
palpitations 
7, 95,F Dyspnea, L atrial myxoma 
fatigue 
8. 57, F Dyspnea, pal- R atrial myxoma, 
pitations tricuspid insuffi- 
ciency 
9. 398, F Dyspnea, R atrial myxoma 
edema, 
cyanosis 
10. 2,M Shortness of R ventricle infiltrated 


breath 
myxoma 


by whitish mass: 


ment 


Survived; tricuspid 
valve insufficiency 


Excision of myxoma 


Followed until 11 
years old; asymp- 
tomatic 


Biopsy, inoperable 





The physical findings were nonspecific. 
Eight patients had easily audible cardiac mur- 
murs. Among the patients with a left atrial 
myxoma, 4 had murmurs characteristic of mitral 
stenosis and insufficiency, 2 had systolic mur- 
mur only, and 1 had no cardiac murmurs. Pa- 
tients with a right atrial myxoma had murmurs 
characteristic of tricuspid stenosis and insuffi- 
ciency. Patient 10 with right ventricular myx- 
oma had no murmurs. The classic auscultatory 
findings of changing cardiac murmurs or an 
early diastolic tumor “plop” were not heard in 
any of the patients. The electrocardiographic 
findings were nondiagnostic. Left atrial en- 
largement was present in all patients with a left 
atrial myxoma, 2 patients had right ventricular 
hypertrophy, and 3 had S-T segment and T 
wave changes of myocardial ischemia. Arrhyth- 
mias were more frequent in the 2 patients 


with a right atrial myxoma and took the form of 
atrial tachycardia in 1 and atrial flutter in the 
other. The only patient with a right ventricular 
myxoma had a normal sinus rhythm, fre- 
quent premature ventricular contractions, and 
incomplete right bundle-branch block. M-mode 
echocardiograms were performed in 8 patients, 
6 with a left atrial myxoma and 2 with a right; 
the diagnosis was unequivocal in all of them 
(Fig 1). Cardiac catheterization was performed 
in 9 patients (Table 2). Significant pulmonary 
artery hypertension with elevation of pulmo- 
nary capillary wedge pressure was demon- 
strated in 5 patients with left atrial myxoma; 2 
patients with right atrial myxoma demonstrated 
high elevation in right atrial pressure. 
Angiocardiography was performed in 9 pa- 
tients following cardiac catheterization. The 
dye was injected at the junction of the superior 
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Fig 1. M-mode echocardiogram of a left atrial myxoma. 
(A) At the level of the left ventricle (LV), multiple 
tumor (T) echoes are seen behind the anterior leaflet of 
the mitral valve (mv). (B) At the level of the aorta and 
left atrium (LA), tumor echoes are seen throughout 
systole and diastole. Tumor movement is clearly seen. 
The posterior aortic root is distorted by the tumor. (IVS 
= interventricular septum; RV = right ventricle; 
AAW = anterior aortic wall; PAW = posterior aortic 
wall; AV = aortic valve.) 


vena cava and right atrium in patients with a 
right atrial lesion and in the pulmonary artery 
with follow-through to the left atrium in patients 
with a left atrial lesion. All atrial myxomas were 
revealed to be either a right or left atrial filling 
defect traversing the respective atrioventricular 
orifice during different phases of the cardiac 





cycle. Figure 2 shows the levophase pulmonary 
angiogram of a left atrial myxoma. In the pa- 
tient with a right ventricular myxoma, the an- 
giocardiogram showed marked deformity of the 
heart by a large soft tissue mass arising an- 
teriorly, causing displacement of the right 
atrium posteriorly. There were no complica- 
tions associated with cardiac catheterization or 
angiocardiography. 

All patients underwent operation using car- 
diopulmonary bypass with aortic or pulmon- 
ary artery occlusion and moderate systemic 
hypothermia (30°C). The operative procedures 
are summarized in Table 3. The left atrial 
myxomas were attached to or around the rim of 
the fossa ovalis by a pedicle. The myxoma was 


Table 2. Results of Preoperative Cardiac Catheterization 





Patients with 


Site Left Atrial Myxoma 

RA (mm Hg) 7 14 14 8 8 
PA (mm Hg) 7014 80/15 40/40 30/10 90/15 
PCW (mm Hg) 40 29 10 40/50 


Aorta (mm Hg) 130/12 120/80 110/80 230/80 110/65 


Patient 3 

Miss Lett Patients Patients 

Atrial 
Means | with | with 
Ea £i NN Right Atrial RV 
Preop  Postop Myxoma Myxoma 
9 2 18 24 7 
90/55 25/5 22/10 36/16 28/14 
34-40 10 7 16 
100/65 100/70 140/80 160/70 95/65 


RV = right ventricular; RA = right atrium; PA = pulmonary artery; PCW = pulmonary capillary wedge. 


400 The Annals of Thoracic Surgery Vol 29 No 5 May 1980 


VENTRICULAR SYSTOLE 


Mitral Valve 


RAO 





RADIOLUCENT MASS 





Mitral Valve 





L.V. Gram 


ae 
n 1 
y" 
‘> 
12 3 


1 





Fig 2. Pulmonary angiogram showing left atrial myx- 
oma prolapsing into the left ventricle. 
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Table 3. Operative Procedure and Pathology 


Patient 
No. Operation Pathological Findings 
1 Excision | atrial myxoma and atrial septum Pedunculated mass 8.5 X 4 cm attached to 
foramen ovale; wt, 80 gm 
2 Excision | atrial myxoma (1975); excision | Tumor attached to septum; wt, 76 gm (1975); 
atrial myxoma and septum (1978) recurrent tumor, 58 gm (1978) 
3 Excision | atrial myxoma and septum Tumor 6 X 3 x 3 cm; loose pieces in left ven- 
tricle and pulmonary vein; wt, 50 gm 
4 Excision | atrial myxoma Tumor 5.5 X 3 X 2 cm arising foramen ovale; 
normal mitral valve; wt, 20 gm 
5 Excision | atrial myxoma Gelatinous friable mass 5.5 x 3 X 1.5 cm at- 
tached to atrial septum by a stalk 1.5 cm 
6 Excision | atrial myxoma and septum Tumor 6.5 x 3.5 X 3 cm attached to 2 x 1 X 
0.5 cm septum; wt, 32.5 gm 
7 L atrial myxoma; no operation Intracerebral hemorrhage 
8 Excision r atrial myxoma; tricuspid valve Pedunculated mass 6 X 5 X 3 cm attached r 
replacement atrial wall; tricuspid valve hyalinization 
and fibrous thickening 
9 Excision r atrial myxoma and attachment to Tumor 10 x 8 X 3.5 cm attached to anterior 


inferior vena cava 


surface and blocking inferior vena cava 
over 2 cm area 





excised through a left atriotomy in 3 patients, 
whereas in 3 other patients it was excised with 
its attachment to the septum and replaced with 
a Dacron patch through a combined right and 
left atriotomy. 

The right atrial myxomas were attached to the 
right atrial wall. In 1 patient, the tumor pro- 
truded through the tricuspid valve and in the 
other, to the inferior vena cava, partially 
blocking it. The myxomas were excised with 
their attachments. In Patient 8, the tricuspid 
valve also was excised since it was fibrotic and 
insufficient (see Table 1). The tumors were soft 
and friable, ranging in size from 5.5 x 3 x 1.5 
cm to 10 x 8 x 3.5 cm and in weight from 20 to 
80 gm (see Table 3). Copious irrigation of the 
atrium and ventricle allowed removal of any 
loose tumor fragments that might have em- 
bolized following the return of cardiac contrac- 
tions. 

With light microscopy, the tumors had a 
loose myxoid stroma with a fine, fibrillar ap- 
pearance and with stellate or spindle-shaped 
cells with abundant cytoplasm visible. Spe- 
cial stains demonstrated the presence of re- 
ticulin and elastic fibers, foci of calcification, 
and prominent metachromasia with toluidine 
blue. Thin-walled blood vessels as well as areas 
of hemorrhage were present (Fig 3). Electron 
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Fig 3. Photomicrograph of an atrial myxoma showing 
stellate and fusiform tumor cells within the myxoid 
stroma and an abundant collar of metachromatic mate- 


rial around a blood vessel-like structure. (H&E; original 
magnification X250.) 
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microscope studies of the myxomas revealed a 
large range of differentiation in the neoplastic 
cells; some had the features of maturing smooth 
muscle cells with myofilaments and dense 
bodies (Fig 4), while others displayed the fea- 
tures of endothelial cells, fibroblasts, and mac- 
rophages. These findings are in agreement with 
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Fig 4. Electron micrograph showing a single myxoma 
cell with nucleus (N), few mitochondria (M), cisterns of 
rough endoplasmic reticulum (RER), and large numbers 
of cytoplasmic filaments (long arrows), with condensa- 
tons of electron-dense material (short arrow). Cyto- 
plasmic evaginations (CE) are evident. (L — lipid 
droplet.) (Uranyl acetate and lead citrate; original mag- 
nification X22,250.) 


the previous studies of Ferrans and Roberts [8], 
which suggest that myxomas arise from mul- 
tipotential mesenchymal cells that are capable 
of differentiating into various types of cells. 


Results 

Seven patients have survived from 5 to 11 years 
following operation. All patients with a left 
atrial myxoma who survived have done well 
and remain active. One patient (Patient 2) who 
underwent excision of a left atrial myxoma had 
recurrence of symptoms about 3 years later (see 
Table 1). Echocardiography demonstrated re- 
currence of the myxoma. There was pulmonary 
hypertension and major tricuspid insufficiency 
on cardiac catheterization. However, no mass 
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was seen in the right atrium or right ventricle 
by angiography. The recurrent left atrial myx- 
oma was excised with notable improvement in 
symptoms. Another patient (Patient 3) with a 
left atrial myxoma and pulmonary hypertension 
showed a major decrease in pulmonary artery 
pressure from 90/55 to 25/5 mm Hg 2 years fol- 
lowing operation (see Table 2). Patients with a 
right atrial myxoma did not show the dramatic 
improvement observed in those with a left 
atrial myxoma. This is attributed to the asso- 
ciated tricuspid insufficiency. Although tricus- 
pid valve replacement was done in 1 patient, 
tricuspid insufficiency persisted because of a 
leak around the prosthesis. The 2 patients 
with a right atrial myxoma are improved but 
continue to show cardiomegaly with right ven- 
tricular enlargement, and evidence of tricuspid 
insufficiency clinically and by cardiac catheteri- 
zation. 

There were 2 operative deaths, 1 due to brain 
infarction probably secondary to tumor emboli- 
zation from a very friable left atrial myxoma and 
the other, cardiac arrest from left ventricular 
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failure. A third death occurred in a patient who 
was a Jehovah's Witness and was reluctant to 
undergo operation. Thrombophlebitis devel- 
oped, and she died of intracerebral hemor- 
rhage, most likely complicating anticoagulation 
therapy. 


Comment 

Cardiac myxomas are seen initially with pro- 
tean manifestations that mimic many disease 
processes. Therefore, clinical diagnosis has re- 


mained difficult. This is confirmed by a 50-year . 


review of 24 consecutive patients with myx- 
omas from the Johns Hopkins Hospital [1]. 
The diagnosis was made during life in 12 pa- 
tients (50%). The number of myxomas not 
diagnosed before 1960 was 9 of 11 (8296), 
whereas after 1960 it fell to 3 of 13 (2396). Clini- 
cally, atrial myxomas tend to be seen in one of 
three ways: by obstruction to the blood flow, by 
embolization, or by constitutional manifes- 
tations. The symptomatology depends on the 
size of the myxoma. Small myxomas are 
hemodynamically silent and manifest their 
presence only if they become infected or em- 
bolize. Medium-sized left atrial myxomas that 
are pedunculated frequently cause obstruction 
to the left atrial flow and simulate mitral 
stenosis, whereas right atrial myxomas cause 
obstruction of the tricuspid valve simulating 
tricuspid stenosis or insufficiency or both. 
Right atrial myxoma may also simulate con- 
strictive pericarditis, Ebstein's anomaly, car- 
cinoid, or pulmonary emboli [12]. Right ven- 
tricular myxomas are seen with the clinical 
picture of ventricular outflow obstruction or 
pulmonary valve stenosis, and left ventricular 
myxomas with aortic stenosis. | 
Approximately 4096 of patients with a left 
atrial myxoma have systemic emboli to the brain 
[20] or extremities. Pulmonary emboli occur less 
frequently with right atrial or ventricular 
myxomas. Systemic manifestations of atrial 
myxomas have been reported to occur in 90% of 
patients [11] and consist of fever, weight loss, 
malaise, elevated sedimentation rate, and in- 
crease in gamma globulins. Less common find- 
ings are leukocytosis, thrombocytopenia, poly- 
" cythemia, and Raynaud’s phenomenon [18]. 
The physical findings are usually nonspecific 


and relate to the presence of congestive heart 
failure, neurological deficits, or skin lesions. 
The classic auscultatory findings of changing 
carciac murmurs or an early diastolic tumor 
plop are usually heard after the diagnosis has 
been made by cardiac catheterization and an- 
giocardiography. The laboratory findings are 
usually not specific. Although tumor calcifica- 
tior. was seen in 1 patient with a right atrial 
myxoma in our series, most of the findings are 
not diagnostic. 

Similarly, the electrocardiogram reflects he- 
modynamic abnormalities similar to those of 
mitral or tricuspid valve heart disease. There- 
fore, the clinical diagnosis depends on a high 
index of suspicion that will lead to cardiac 
catneterization and angiocardiography. With 
left atrial myxomas, the dye is usually injected 
into the pulmonary artery with visualization of 
the levophase to avoid fragmentation of the 
tumor and embolization. For the same reasons, 
the contrast medium is injected into the 
superior vena cava to visualize right-sided 
tumors. 

With the development of one-dimensional 
echocardiography or M-mode echocardiog- 
raphy approximately 10 years ago, it has be- 
come the noninvasive procedure of choice for 
the diagnosis of intracardiac myxomas. In this 
series, the diagnosis was made correctly with 
ecnocardiogram in 6 patients with a left and 2 
w:th a right atrial myxoma. The recording of 
abnormal echoes from the region posterior to 
the anterior leaflet of the mitral valve during 
ventricular diastole and within the left atrial 
cavity during systole is one of the most reliable 
manifestations of left atrial tumors. Other con- 
ditions that can produce multiple echoes be- 
hind the anterior mitral leaflet during dias- 
tcle such as bacterial vegetations, redundant 
nryxomatous valve leaflets, flail posterior leaf- 
let, and mitral ring calcification are distin- 
guished by the absence of mass echoes in the 
left atrium [6]. A prolapsing right atrial myx- 
oma is seen as a mass of echoes behind the 
anterior leaflet of the tricuspid valve during 
diastole, similar to the echocardiographic ap- 
pearance of a left atrial myxoma. M-mode echo- 
cardiographic studies alone can occasionally 
miss small tumors or produce artifacts from sur- 
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rounding tissues, artifacts which may be mis- 
taken for a tumor. Recently, a new diagnostic 
technique of two-dimensional phased array 
real-time echocardiography has been used to 
confirm the diagnosis of atrial myxoma [15]. 
This technique provides quantitative informa- 
tion as to the size of the tumor, its shape and 
mobility, and its effect on cardiac function. The 
capability of visualizing in two dimensions 
both atria and ventricles in cross section or 
sagittal view enables one to detect the rare oc- 
currence of multiple tumors, and to see evi- 
dence of isolated right atrial or ventricular 
tumors that otherwise might be missed. Fur- 
thermore, it allows the detection of smaller 
myxomas and screening for early recurrences. 
Because of the reliability and sophistication of 
two-dimensional echocardiographic studies for 
assessing the presence of atrial myxoma, the 
technique has been utilized as a primary and 
definitive method of diagnosis of atrial myx- 
oma and operation has been performed without 
cardiac catheterization or angiocardiography 
[7]. | 

Once the diagnosis has been established, op- 
eration should be performed urgently. Other- 
wise, intolerable valvular obstruction and crip- 
pling or fatal embolization can occur at any 
time. It has been shown by Thomas and as- 
sociates [19] that 896 of patients with atrial 
myxomas die while waiting for diagnosis and 
operation. Several surgical principles have 
evolved from a study of the pathology of these 
tumors as well as from clinical experience. 
Myxomas should. be removed under direct 
vision and total cardiopulmonary bypass. 
Since they are usually very friable, every effort 
should be made to avoid fragmentation and 
embolization. Cannulation of the femoral vein 
and superior vena cava in the case of a right 
atrial myxoma and gentle handling of the heart 
minimize such complications. In addition, the 
use of cold potassium cardioplegia and aortic 
cross-clamping allow. for a quiet field and 
maximal myocardial protection. The myxoma is 
" removed en bloc with its attachment to the in- 
teratrial septum or atrial wall, without frag- 
mentation, through a combined right and left 
atriotomy [14]. The atrial septal defect is then 
repaired with a Dacron patch. 

The occurrence of multiple intracavitary 


tumors makes it imperative that the surgeon 
examine all four cardiac chambers. Copious ir- 
rigation of the cardiac cavities with saline solu- 
tion that is not returned to the oxygenator al- 
lows for removal of any tumor debris that might - 
have fragmented. 

Careful evaluation of the atrioventricular 
valves must be performed to determine the 
presence or absence of concomitant valvular 
disease or valve destruction by the tumor. In- 
terference with the mitral valve by the myxoma, 
which damages the cusps and may rupture the 
chordae, can result in permanent mitral valve 
abnormality [4], but this has not been a prob- 
lem in our patients with left atrial myxomas. 
However, damage to the tricuspid valve from a 
right atrial myxoma seems to be more common 
than damage to the mitral valve by a left atrial 
myxoma perhaps because right atrial myxomas 
appear to calcify more readily than left atrial 
myxomas. Also, complete destruction of the 
tricuspid valve has been reported. The striking 
difference in our results between patients with 
right and left atrial myxomas is probably due to 
the associated tricuspid insufficiency noted in 
the 2 patients with a right atrial myxoma. It per- 
sisted in 1 patient who had undergone tricus- 
pid valve replacement. Carter and colleagues [2] 
examined mitral and tricuspid lesions asso- 
ciated with 11 polypoid atrial tumors. Seven of 
the tumors were myxomas involving the left 
atrium, and 2 were right atrial myxomas. The 
most common change in the mitral valve con- 
sisted of fibrous thickening of the endocardium 
and the atrial surfaces of the leaflet. A less 
common change was a fibrous thickening of the 
chordae and of the left ventricular mural en- 
docardium in relation to chordae inserting into 
the posterior leaflet. Similar findings were seen 
in the tricuspid valves. The lesions described 
were considered responses to the effects of fric- 
tion by the tumor on the surfaces involved. 

The surgical results of atrial myxomas have 
been gratifying. Gerbode and co-workers [10] 
reported that among 9 patients with myxomas, 
there were 3 deaths, 1 from hemorrhage, an- 
other from septicemia, and the third from viral 
pneumonia. One patient had recurrence of the 
tumor 4 years after excision. All 6 surviving pa- 
tients made complete recovery. Hattler and as- 
sociates [13] reported that of 11 patients with 
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atrial myxoma, 2 died of presumed cerebral 
emboli following operation. The 9 surviving pa- 
tients were alive and well 1 to 10 years later. 
Collins and Collins [3] reported 1 postoperative 
death due to low cardiac output among 8 pa- 
tients with a cardiac myxoma. In the series of 
Kabbani and Cooley [14], 1 patient had recur- 
rence and 1 patient died of acute myocardial 
infarction among 17 patients with atrial myx- 
oma. O'Neil and colleagues [16] reported 7 
intracardiac myxomas in 5 patients, one of 
whom had 3 primary tumors occurring at 4-year 
intervals. All patients did well for periods of 
follow-up ranging from 6 months to 8 years. 
Donahoo and associates [7] reviewed the cases 
of 14 patients with atrial myxoma. There was 1 
late death unrelated to myxoma. 


Despite the satisfactory surgical results,- 


nineteen recurrences of a left atrial myxoma 
have been reported, with metastatic disease to 
the skeletal system in 1 patient [5]. This recur- 
rent and malignant potential of cardiac 
myxomas underlines the necessity for a closer 
follow-up of surgical patients utilizing the 
noninvasive technique of echocardiography 
and a thorough investigation of all cardiac 
chambers whenever a myxoma is detected. 
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Influence of Staging 


in Superior 


Sulcus (Pancoast) Tumors of the Lung 
William Stanford, Col, Robert P. Barnes, Lt Col, 


and A. Robert Tucker, Maj, all USAF, MC 


ABSTRACT Fifty-three patients with superior sul- 
cus (Pancoast) tumors of the lung followed for up to 
12 years by the Armed Forces Central Medical Re- 
gistry were divided into three groups. In Group 1, 
preoperative staging as determined by bone, brain, 
and liver scans or combinations thereof and the 
presence of local nodal extension as determined by 
mediastinoscopy or scalene fat pad biopsy were 
negative. These 16 patients received preoperative ir- 
radiation followed by en bloc resection of the lung 
and of the involved chest wall in most of them. 
Five-year survival as determined by the actuarial 
method was 49.7%. The 12 patients in Group 2 either 
had localized nodal involvement or were not diag- 
nosed preoperatively. Survival in this group was 
13.196. Group 3 patients were considered inoperable 
and were given palliative irradiation. There were 25 
patients in this group, and survival was 5.5% at 4 
years. It would appear that preoperative irradiation 
and en bloc resection give improved survival in 
those patients judged free from metastatic disease 
preoperatively. 


The treatment of superior sulcus (Pancoast) 
tumors of the lung remains controversial, and 
differences exist as to which of several treat- 
ment options constitutes the better method of 
management. A recent review of 5 patients 
treated at Wilford Hall USAF Medical Center 
between 1962 and 1977 disclosed survivals of 1, 
3, 5, 7, and 7 years, respectively. Data obtained 
from the Armed Forces Central Medical Regis- 
try on 53 patients with Pancoast tumors treated 
during the same interval showed an overall 
lower survival. In an attempt to determine 
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which factors influenced our improved survi- 
val, we undertook this study. 


Material and Methods | 

The records of all patients with superior sulcus 
tumors of the lung entered in the Armed Forces 
Central Medical Registry between 1962 and 
1977 were reviewed. All tumors were T3 lesions 
by virtue of the direct extension of the tumor 
into the chest wall: all patients had Stage III dis- 
ease [1]. Based on the treatment received, pa- 
tients were divided into three groups. The de- 
gree of regional lymph node (N) and distant 
metastatic (M) involvement varied among the 
groups. All patients had a confirmed tissue 
diagnosis of carcinoma. 

In Group 1, there were 16 patients judged free 
from metastases as staged by bone, brain, and 
liver scans or combinations thereof. In addi- 
tion, many of these patients underwent 
mediastinoscopy or scalene fat pad biopsy. 
Once staging was determined to be negative 
(T3 NO MO), the patient was given 3,000 rads 
preoperatively. This was followed by resection 
of the lung and, except for 2 patients, involved 
chest wall. All Wilford Hall USAF Medical 
Center patients were included in this group. 

In Group 2, there were 12 patients. Six had T3 
NO MO lesions and 6, T3 N2 MO lesions. Most 
were diagnosed at operation; only 2 (both T3 


. N2 MO) received preoperative irradiation. All 


had variable resections depending on the extent 


. of the disease; and all except the 2 mentioned 


received postoperative irradiation. 

The 25 patients in Group 3 were judged inop- 
erable at the time of initial staging and did not 
undergo thoracotomy. Six had T3 NO MO le- 
sions, 14 had T3 N2 MO lesions, 4 had T3 NO M1 
lesions, and 1 had a T3 N2 M1 lesion. 

The age of all 53 patients ranged from 32 to 83 
years (median, 49 years). There were 41 men 
and 12 women for a ratio of 3.4:1. 

Pain in the arm, shoulder, or both places was 
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Table 1. Staging 


Group 
1 2 3 

Scans 

Brain scan negative 5 2 5 

Brain scan positive Ü 0 2 

Bone scan negative 8 1 3 

Bone scan positive 0 3 4 

Liver scan negative 11 3 7 

Liver scan positive 0 0 2 

Not done/not recorded 5 8 15 
Mediastinoscopy 

Negative 9 4 3 

Positive 0 1 4 

Not done/not recorded 11 7 18 
Scalene node biopsy - 

Negative 8 2 3 

Positive 0 0 9 

Not done/not recorded 8 10 13 


the presenting symptom in every patient. 
Thirty-seven patients had a history of heavy to- 
bacco usage. Other symptoms included weight 
loss (19 patients), hemoptysis (15), and hoarse- 
ness (2). 

The physical examination was negative in 16 
patients. Supraclavicular fullness or vocal cord 
paralysis or a combination of both was not 
present in Group 1 but was found in 12 of the 
patients in Groups 2 and 3. Ten had supracla- 
vicular fullness and 2, vocal cord paralysis. 
Horner's syndrome was present in 22 patients 
and appeared with equal distribution through- 
out all groups. 

The tumor was localized to the right apex in 
25 patients, with rib involvement in 12. The left 
apex was involved in 27 patients, with rib de- 
struction in 6. The incidence of rib involvement 
appeared slightly greater in patients in Group 
1. In 1 patient, the tumor location could not 
be determined from the record. As expected, 
staging varied within each group. The results 
are shown in Table 1. 

All patients had a documented tissue diag- 
nosis of carcinoma. The diagnosis was made 
most commonly by needle biopsy in Group 1 
and by thoracotomy or scalene fat pad biopsy in 
Groups 2 and 3 (Table 2). The cell type was dis- 


Table 2. Method of Diagnosis 


Group 
Method 1 2 3 
Direct needle biopsy 12 4 4 
Scalere node biopsy 0 0 9 
At operation 3 8 0 
Sputum cytology 1 0 3 
Medizstinoscopy 0 0 4 
Broncaoscopy 0 0 3 
Bone biopsy 0 0 1 
Craniotomy 0 0 1 
Table 3. Cell Type 
Group 

Type 1 5 3 
Squamous cell 

Well differentiated 2 0 5 

Poorly differentiated 2 0 5 
Adenozarcinoma 

Well differentiated 2 0 1 

Poor.y differentiated 5 6 7 
Large cell 

Und-fferentiated 4 1 3 

Anaplastic 1 5 4 


tributed evenly throughout all groups except for 
a pauc.ty of squamous cell carcinoma in Group 
2 (Table 3). 

As predetermined, treatment varied accord- 
ing to the group. All patients in Group 1 had T3 
NO MO lesions, and all received preoperative ir- 
radiation followed by resection of the lung and 
involved chest wall except for 2 who were found 
to be uaresectable and 2 in whom only the lung 
was resected (Table 4). Survival as determined 
by the actuarial method was 49.7% at 5 years 
(Figure! [3]. The longest follow-up was 8 years. 
Both patients in whom only the lung was re- . 
sected were dead within a year. 

Grou» 2 patients had either T3 NO MO or 13 
N2 MO lesions and had preoperative or post- 
operative irradiation. The majority (8 of 12) 
were diagnosed at operation; however, only 4 
were found to-be unresectable (see Table 4). Ten 
of the 12 patients were dead within a year, and 
the 5-year actuarial survival was 13.196 (see 
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Table 4. Treatment 


Group 

Treatment 1 2 3 
Resection lung and chest wall 

Preop irradiation n 2 0 

Postop irradiation 0 4 0 
Resection lung only 

Preop irradiation 2 0 0 

Postop irradiation 0 2 0 
Unresectable 

Preop irradiation 2 0 0 

Postop irradiation 0 4 0 


Not operable 0 0 29 


Figure). Of the 2 survivors, 1 (T3 N2 MO) with 
supraclavicular fullness was given preoperative 
irradiation before the diagnosis of adenocar- 
cinoma was confirmed. He then underwent 
lobectomy with en bloc resection of the in- 
volved chest wall and was alive and free from 
tumor a year later. The other patient (I3 N2 M0) 
also with supraclavicular fullness underwent en 
bloc resection of the lung and chest wall for a 
poorly differentiated adenocarcinoma. Post- 


Survival as determined by the actuarial method for each 
group. | 
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operatively he was given 5,000 rads and was 
alive and well 7 years later. 

Of those patients considered inoperable 
(Group 3), 21 were dead within 3 years. Two (T3 
NO MO, T3 NO M1) were lost to follow-up and 
are presumed dead. Two (both T3 N2 MO) with 
biopsy-proved positive supraclavicular nodes 
were given palliative irradiation and were alive 
at 1 and 4 years, respectively, for an actuarial 
4-year survival of 5.5% (see Figure). 


Comment 
Pancoast described superior sulcus tumors of 
the lung in 1932 [5]. The prognosis was consid- 
ered poor, with survival estimated at 10 to 14 
months despite different treatment modalities 
[6]. Among the first optimistic survival studies 
was that of Shaw and associates [9] in 1961. 
They reported that 18 patients survived up to 51 
months following preoperative irradiation and 
en bloc resection of the lung and chest wall. 
Since then controversy has existed. Paulson [8] 
in 1975 published a report on 92 patients with 
superior sulcus tumors of the Pancoast type. Of 
this group, 66 underwent preoperative irradia- 
tion and extended en bloc resection, with 5- 
year survival of 34% and 10-year survival of 
29%. 

On the other hand, in 1973, Kirsh and col- 
leagues [4] reported no 5-year survivors among 


49.7 GROUP I (N=16) 


13.1 GROUP II (N=12) 
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12 of 60 patients who underwent preoperative 
irradiation followed by extended en bloc resec- 
tion. They had a 1396 5-year survival among 23 
patients receiving radiation treatment only and 
question whether irradiation alone might be 
the treatment of choice. No description con- 
cerning the extent of staging was made. 

In 1973, Paulson [7] addressed this problem 
in an editorial. He reported that 15 of 33 pa- 
tients with Stage 0 or 1 lesions lived for at least 5 
years, but that there were no survivors at 2 
years among 11 patients with Stage II or III 
lesions with involvement of the mediastinal 
nodes. 

In 1979, Attar and colleagues [2] reported that 
among 73 patients with Pancoast's tumor, 19 
were treated by preoperative irradiation and en 
bloc resection, with a mean survival of only 20 
months. In 5 patients treated with operation 
alone, mean survival was 36 months. The au- 
thors concluded longest survival was obtained 
with operation alone. Again the stage of the tu- 
mor and extent of involvement were not stated. 

Here we are emphasizing the importance of 
staging. Even though all the patients were Stage 
III, those with a T3 NO MO classification with no 
evidence of nodal involvement and no distant 
metastases had a 5-year survival of 49.7% when 
treated by preoperative irradiation followed by 
en bloc resection of the lung and involved chest 
wall. In only 2 patients was the tumor found to 
be unresectable. When nodal involvement was 
suspected preoperatively and the patient 
underwent operation or when no preoperative 
irradiation was given to patients with T3 NO MO 
lesions, survival was only 13.196, with 10 of 12 
patients dead within a year and only 1 long- 
term survivor. 

The remaining group of 25 patients was not 
operated on, and all were dead within 3 years 


except 2 with positive supraclavicular nodes 
who received palliative irradiation and were 
alive a: 1 and 4 years, respectively. 

It would appear from these data that con- 
troversy in management exists because of im- 
precise staging preoperatively. Also, even with 
Stage III lesions, those patients in the T3 NO MO 
subgroup as judged by negative liver, bone, 
and brain scans and by the absence of nodal 
extension following mediastinoscopy or scalene 
node exploration can have improved survival if 
they undergo radiation treatment followed by 
extendzd en bloc resection. 
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Pulmonary Metastases in Childhood Sarcoma 


Bradley M. Rodgers, M.D., James L. Talbert, M.D., 


and James A. Alexander, M.D. 


ABSTRACT A retrospective analysis of 56 patients 
less than 19 years old with pulmonary metastases 
from previously diagnosed sarcomas was performed. 
Thirty patients had primary osteogenic sarcoma. 
total of 37 
thoracotomies. Overall survival was 20%. Twelve 


Eighteen of them underwent a 


patients were noted to have metastatic Wilms’ 
tumor, and 5 of them underwent 7 thoracotomies. 
This group had a 25% overall survival. Six patients 
had pulmonary metastases from Ewing’s sarcoma. 
Four of these required pulmonary resection. The 
overall survival in these patients was 50%. The re- 
maining 8 patients had pulmonary resection for 
various soft tissue malignancies, with an overall 
survival of 50%. The results of this review indicate a 
role for aggressive pulmonary resection in patients 
in whom the primary tumor is controlled and there is 
no other evidence of metastatic disease. The fre- 
quency of bilaterality and multicentric implants in 
patients with osteogenic sarcoma and Wilms’ tumor 
suggest the efficacy of a median sternotomy ap- 
proach in these patients. 


It has been 41 years since Barney and Churchill 
[2] reported the successful resection of a meta- 
static pulmonary implant in a patient with a 
renal carcinoma. Nonetheless, the appropriate 
management of patients with pulmonary 
metastases and the criteria for surgical inter- 
vention continue to stir controversy. With im- 
proving chemotherapeutic agents and irradia- 
tion techniques, a more aggressive approach to 
the resection of pulmonary metastatic disease 
has been advocated recently by many authors. 
To evaluate our experience with such patients 
at the Shands Teaching Hospital of the Univer- 
sity of Florida, we undertook a retrospective re- 
view of the clinical course of all patients less 
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than 19 years old noted to have pulmonary 
metastases from distant primary tumors. Pa- 
tients treated between July 1, 1971, and July 1, 
1978, were evaluated to assure that they had re- 
ceived currently acceptable chemotherapy and 
that at least one year of follow-up was available. 
This report represents an analysis of the results 
of management of this group of patients. 


Material 

Fifty-six patients were identified in whom the 
diagnosis of pulmonary metastasis was reason- 
ably established and appropriate follow-up was 
available. The youngest patient was 3 months 
old at the time of treatment of the primary 
tumor. For the purposes of analysis, the pa- 
tients were divided into four major categories 
on the basis of the histology of the primary 
tumor (Table 1). | 

Thirty patients were noted to have primary 
osteogenic sarcomas with the development of 
pulmonary metastatic implants (Table 2). At the 
time of diagnosis of the primary tumor these 
patients ranged between 5 and 18 years old, 
with an average of 14.5 years and a median of 15 
years. Five patients (17%) were noted to have 
pulmonary metastatic disease at the time of the 
original diagnosis, and in 18 of the remainder 
(72%), the pulmonary involvement was noted 
within the first year following diagnosis of the 
primary tumor. The average tumor-free interval 
following resection of the primary tumor was 7 
months (range, 0 to 27 months). 

Patients in whom pulmonary metastases 
developed after resection of the primary tumor 
received pulmonary irradiation and chemother- 
apy. They were considered candidates for sur- 
gical resection if pulmonary involvement failed 
to respond to this therapy or recurred after an 
initial favorable response. All patients in whom 
the primary tumor was satisfactorily controlled 
and in whom there was no evidence of meta- 
static involvement of other organs, were con- 
sidered for surgical resection. In 18 of the 30 
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Table 1. Pulmonary Metastases in Childhood 


No. of 
Diagnosis Patients Survival 
Osteogenic sarcoma 30 6 (5 NED) 
Wilms’ tumor 12 3 (3 NED) 
Ewing's sarcoma 6 3 (3 NED) 
Other 8 
Rhabdomyosarcoma 2 1 (1 NED) 
Synovial sarcoma 2 0 
Chondrosarcoma 1 1 (0 NED) 
Giant cell sarcoma 1 1 (1 NED) 
Medullary 1 1(0 NED) 
carcinoma of 
thyroid 
Adrenal carcinoma 1 1 ( NED) 


NED = no evidence of disease. 


patients with metastatic osteogenic sarcoma, 
attempts at surgical resection were made; 37 
thoracotomies were done. In 12 of these pa- 
tients, it was thought that all palpable pulmo- 
nary tumor had been excised. Five (28%) of the 
patients undergoing thoracotomy are alive with 
a mean survival time of 33 months following the 
initial detection of the pulmonary metastases 
(range, 12 to 62 months). All of these patients 
are currently free from disease, with the excep- 
tion of 1 who is alive 62 months following the 
initial detection of metastatic disease, with ra- 
diographically stable pulmonary lesions after 4 
thoracotomies. The mean duration since the last 
thoracotomy in these patients is 15 months 
(range, 1 to 31 months). Of the 18 patients in 
whom metastatic disease was detected 6 
months or less following resection of the pri- 


mary tumor, none survived in spite of attempts 
at surgical resection of the metastases in 9 of 
them. Only 1 patient in this series who did not 
undergo pulmonary resection is alive. This pa- 
tient received systemic chemotherapy and is 
free frcm disease seven years following the de- 
tection of pulmonary metastases. 

Twelve patients in this retrospective review 
were noted to have pulmonary metastases from 
Wilms’ tumor (see Table 2). The ages of these 
patients ranged from 4 months to 12 years, with 
an average of 5.5 years and a median of 4 years. 
The average time to onset of metastatic disease 
following resection of the primary tumor was 
3.9 months (range, 0 to 22 months) with syn- 
chronous involvement noted in 4 patients. In 8 
(67%) cf these patients, metastatic disease was 
noted Lilaterally. 

All patients with metastatic Wilms' tumor 
were treated with intensification of systemic 
chemotaerapy and pulmonary irradiation. If 
the pulmonary nodules failed to resolve com- 
pletely with this regimen, surgical resection 
was urdertaken. Five patients underwent a 
total of 7 thoracotomies, 5 of which were 
thought to be for cure. All 5 of these patients 
died. Three had evidence of pulmonary in- 
volvement at the time of death, and in 2, death 
was caused by supervening infection. Of the 7 
patients who did not undergo pulmonary re- 
section, 4 did not respond to irradiation or 
chemotherapy and died of the tumor. Three re- 
spondec completely and are now free from 
tumor taree, five, and seven years following 
initial detection of pulmonary metastases. 


Table 2. Comparative Data from Three Groups of Patients with Pulmonary Metastases 


Primary Tumor 





Osteogenic Wilms' Ewing's 
Variable Sarcoma Tumo- Sarcoma 
No. of patients 30 12 6 
Mean age (yr) 14.5 5.5 13.5 
Mean tumor-free 7 (0-27) 3.9 (0—22) 8.2 (0-27) 
interval (mo) 
Bilaterality 21 (7096) 8 (67%) 2 (3396) 
No. of thoracotomies 37 (18 patients) 7 (5 petients) 4 (4 patients) 
Survival 6 (20%); 5 NED 3 (25%); 3 NED 3 (50%); 3 NED 


NED = no evidence of disease. 
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In 6 patients, pulmonary metastatic disease 
occurred after the initial diagnosis of Ewing's 
sarcoma (see Table 2). These patients ranged 
from 11 to 15 years old, with an average of 13.5 
years and a median of 12 years. The average 
tumor-free interval prior to detection of pulmo- 
nary metastases was 8 months, with the onset 
of pulmonary metastases synchronous with 
detection of the primary tumor in 2 patients. 
The longest tumor-free interval was 27 months. 
In 2 patients (3396), metastatic disease was 
noted bilaterally. 

In general, pulmonary metastases from Ew- 
ing's sarcoma were treated with intensification 
of systemic chemotherapy and localized pul- 
monary irradiation. In 4 patients, pulmonary 
resection was undertaken; all palpable tumor 
was removed in 3. Two of these patients are 
alive, free from evident disease, 24 and 28 
months following initial detection of pulmo- 
nary metastases and 23 and 27 months follow- 
ing their last thoracotomy. The third patient, in 
whom it was thought all palpable tumor was 
excised, died with widespread pulmonary re- 
currence 38 months following initial detection 
of pulmonary metastases and 18 months fol- 
lowing thoracotomy. The patient in whom it 
was thought that not all palpable tumor was ex- 
cised at thoracotomy died with widespread dis- 
ease 19 months following the initial detection of 
metastatic disease. Of the 2 patients treated 
with chemotherapy and irradiation alone, 
without surgical intervention, 1 died 4 months 
after detection of pulmonary disease with 
widespread metastases, and the second is alive 
without evidence of disease 26 months later. 

Pulmonary metastases were noted in 8 other 
patients with various sarcomas (see Table 1). In 
this group, there were 2 patients with rhab- 
domyosarcoma, 2 with synovial sarcoma, 1 
with a chondrosarcoma, 1 with a giant cell sar- 
coma, 1 with a medullarv carcinoma of the thy- 
roid, and 1 with an adrenal sarcoma. The ages 
of these patients ranged between 6 and 17 
years. The average tumor-free interval was 12.8 
months. Six of these patients underwent a total 
of 9 thoracotomies for resection of metastatic 
disease, and 4 (5096) are still alive between 23 
months and ten years following the initial de- 
tection of metastatic disease. Neither of the pa- 


tients who did not undergo pulmonary resec- 
tion is alive. 


Comment 

Traditionally, an aggressive, multimodal ap- 
proach has been adopted toward the manage- 
ment of most primary sarcomas in children. The 
appropriate treatment of metastatic pulmonary 
implants has stimulated much interest among 
surgeons since most of these tumors metas- 
tasize to the lungs early in their course. After 
initially adopting a very conservative approach 
to these patients, many centers have begun to 
resect pulmonary metastases aggressively, par- 
ticularly after the report of Martini and co- 
workers [4] in 1971. These authors described 
the aggressive surgical approach that was 
adopted at the Memorial Sloan-Kettering Can- 
cer Center in 1965. They reported that 22 pa- 
tients with osteogenic sarcomas had undergone 
a total of 59 thoracotomies with a three-year 
survival of 4596. Since that report, several other 
centers have described similar results with an 
aggressive surgical approach to pulmonary 
metastases, particularly in patients with os- 
teogenic sarcoma [3, 5, 6]. In the past five years 
at our institution, we have attempted complete 
surgical resection of pulmonary metastases in 
all patients in whom the primary neoplasm 
was adequately controlled and in whom there 
was no evidence of metastases to other organs. 
In most cases, this aggressive surgical approach 
has been used in conjunction with systemic 
chemotherapy and pulmonary irradiation and 
only after the metastatic implants have failed to 
respond to these modalities. 

Osteogenic sarcoma represents the tumor 
most commonly metastasizing to pulmonary 
parenchyma in our series and those of others. 
Control of the primary tumor in patients with 
osteogenic sarcoma is usually quite successful 
with either radical or more conservative surgi- 
cal methods. Since this tumor rarely responds 
completely to chemotherapy or irradiation, 
most of these patients are candidates for pul- 
monary resection. Because of the frequent oc- 
currence of multicentric metastases with this 
tumor, we have favored wedge resection of the 
metastatic implants rather than lobectomy. Al- 
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though Ballantine and colleagues [1] thought 
wedge resection to be inadequate in these pa- 
tients, this has not been our experience or that 
of others [4]. With maximal conservation of 
pulmonary tissue, multiple thoracotomies have 
been well tolerated. In only 4 patients in our se- 
ries was a formal lobectomy performed, and in 
2 patients a pneumonectomy was required be- 
cause of the central location of the metastatic 
disease. 

Statistical analysis in a series this small is 
difficult, but 6 of our patients with metastatic 
osteogenic sarcoma are alive without evidence 
of disease. Five of them underwent.a total 
of 9 operative procedures; the greatest number 
was 4 in an individual. With systemic chemo- 
therapy after resection, 1 patient had control of 
the pulmonary disease and is well seven years 
after removal of the primary tumor. In view of 
the high frequency of bilaterality of pulmonary 
metastatic disease in patients with osteogenic 
sarcoma (22 of our patients either were seen 
with or soon had bilateral pulmonary metas- 
tases), our current recommendation is to per- 
form median sternotomy with the first resection 
for pulmonary metastases. This approach was 
suggested by Takita and associates [7] in 1977. 
These authors reported that they performed 
pulmonary resection in 56 patients, 18 of 
whom had a median sternotomy for bilateral 
resection. In 1 of our patients, a median ster- 
notomy was performed for bilateral recurrence 
10 months following a right thoracotomy with 
incomplete resection of multiple implants. Ex- 
posure and resection of multiple nodules in the 
right lung was not difficult through the ster- 
notomy despite adhesions from the previous 
operative resection. We have not had occasion 
to perform a repeat sternotomy for recurrent 
metastatic disease in this series. 

The results of surgical excision of metastatic 
Wilms’ tumor in our series was disappointing. 
Five patients underwent a total of 7 procedures, 
5 of which were considered to be curative. Two 
patients had multiple wedge resections, while 2 
required a pneumonectomy because of exten- 
sive disease. All 5 patients subsequently died, 3 
with widespread recurrent pulmonary metas- 
tases, 4 and 22 months following resection. In 2 
patients, however, death was caused by over- 


whelming infection, presumably related to in- 
tensive chemotherapy. Neither patient had per- 
sistent tumor at postmortem examination. All 
of the patients undergoing thoracotomy had re- 
ceived preoperative pulmonary irradiation 
withou- control of the tumor, a distinctly un- 
usual response for most pulmonary metastases 
from Wilms’ tumor. Of the 7 patients not un- 
dergoirg thoracotomy, 3 responded to adjunc- 
tive therapy and are alive without evidence of 
disease three to seven years following detection 
of pulrronary metastases. The remaining 4 had 
recurrence of pulmonary disease and died of 
widesp-ead tumor metastases. 

Desp-te the results in this group of patients, 
we continue to consider an aggressive surgical 
approach a justifiable salvage attempt in pa- 
tients with metastatic Wilms' tumor that fails to 
responc to chemotherapy and pulmonary ir- 


radiation. The fact that 2 of our patients had no 


evidence of pulmonary involvement at the time 
of deatk. encourages us in this regard. The inci- 
dence o: bilaterality of Wilms’ metastases in our 
series has been 6796, and 1 patient has required 
bilateral thoracotomies. Although we have not 
performed median sternotomy in this group of 
patients, this approach should be considered 
for those with bilateral metastases evident ra- 
diograpaically. 

The € patients with Ewing's sarcoma, al- 
though slightly older than those with Wilms' 
tumor, responded in similar fashion. Three pa- 
tients underwent multiple pulmonary wedge 
resections. One died of widespread pulmonary 
recurrence 38 months following resection, and 
the remaining 2 are disease free 28 and 24 
months following thoracotomy. Since the fre- 
quency bf bilaterality appears lower in the pa- 
tients w:th metastatic Ewing's sarcoma and this 
tumor is usually more radiosensitive, we con- 
tinue tc employ unilateral thoracotomy and 
wedge resection. 

The results of this retrospective analysis indi- 
cate that an aggressive attitude toward pulmo- 
nary me-astases is warranted in childhood sar- ` 
comas. There was only 1 operative death in this 
group o- 56 patients. A 6-year-old black boy 
underwent right thoracotomy and biopsy of 
a widespread metastatic rhabdomyosarcoma 
from the parotid gland. An exsanguinating 
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hemorrhage occurred postoperatively, and he 
died. Otherwise, there have been no deaths, 
and seemingly very little morbidity, from these 
pulmonary procedures. Fifteen patients have 
undergone multiple thoracotomies without 
major difficulty. We believe that any patient 
with pulmonary metastatic implants that fail to 
respond to chemotherapy, radiation therapy, or 
both, and in whom the primary tumor is well 
controlled and there is no other evidence of 
metastatic disease should be considered a can- 
didate for pulmonary resection. The results of 
the present series indicate that our survival 
statistics in patients with osteogenic sarcoma 
have been improved, and this finding is cor- 
roborated by other authors. In addition, pa- 
tients with metastatic Wilms' tumor, Ewing's 
sarcoma, rhabdomyosarcoma, giant cell sar- 
coma, and adrenal sarcoma have been salvaged 
by this technique. 
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ABSTRACT The results of 170 emergency heart 
valve procedures performed during a 41-year period 
were analyzed. Five pathological groups of patients 
were recognized: those with infective endocarditis 
(Group 1, 28 patients); acute rheumatic carditis 
(Group 2, 43 patients); previous valve operation 
(Group 3, 29 patients); acute-on-chronic cardiac dis- 
ease (Group 4, 67 patients); and miscellaneous con- 
ditions (Group 5, 3 patients). Mitral, aortic, and 
multiple valve procedures were performed on 58, 65, 
and 44 patients, respectively. The most common 
functional lesion was regurgitation. Hospital mor- 
tality was highest in Groups 3 (34%) and 4 (31%). By 
contrast, among the hospital survivors, the highest 
rate of attrition was in Group 2. Myocardial failure 
was the predominant cause of death. In view of the 
hopeless prognosis without operation, the 52% 
overall 3-year actuarial survival is a gratifying sal- 
vage. Unnecessary procrastination can only jeopar- 
dize the prospects for surgical cure. 


Compared with Western standards, an unusual 
clinicopathological spectrum of valvular heart 
disease exists in developing countries. Patients 
are young; acute rheumatic fever and infective 
endocarditis are prevalent; and presentation is 
usually late. Malnutrition and cachexia remain 
common scourges. On the other hand, coronary 
artery disease is almost nonexistent. 
Baragwanath is a South African hospital in an 
area with a population of 1 million. The people 
have a low socioeconomic status, and the medi- 
cal conditions just mentioned prevail. Patients 
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are frequently referred in grave hemodynamic 
condition with cardiac valve lesions and no 
prospec- for successful medical treatment. Be- 
cause we believe that no patient with a 
hemodynamically significant valve lesion 
should be denied operation, regardless of the 
clinical status, emergency valve replacement (or 
repair) cften is performed. Here we discuss our 
experier.ce with 170 emergency valve proce- 
dures in a 44-year period (January, 1974, 
through June, 1978), with particular reference to 
risk factors affecting hospital and late mortality. 
Emergency operations for congenital heart dis- 
ease were not considered in this study. 


Material and Methods 

A total cf 170 patients is included in this series, 
96 male and 74 female patients. They ranged in 
age fror. 3 to 70 years (mean, 23 years). Only 11 
patients were older than 50 years, while 81 and 
8 patients were less than 20 and 10 years old, 
respectively. 

All petients except 3 had severe valve dys- 
function. Indication for urgent operation in- 
variably was a low cardiac output state, al- 
though -46 patients (8696) also had pulmonary 
edema. Fourteen patients (8%) had preopera- 
tive cardiac arrest, while 25 (15%) were intu- 
bated ard ventilated in the intensive care unit 
prior to »peration. All patients for whom blood 
gas estimations were done prior to operation 
had a base deficit greater than —5, and 3 pa- 
tients had a pH less than 7. Preoperatively, car- 
diac catheterization seldom was performed. 

Jaundice (bilirubin greater than 3.0 mg per 
100 ml) and uremia (serum creatinine greater 
than 2.0 mg per 100 ml) were present in 50 
(29%) and 35 (21%) patients, respectively. | 
Forty-eight (28%) patients were considered to 
be cachectic. This was a subjective assessment 
that took. into consideration normal weight and 
size for the age of the patient. 
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No. of patients 
35 8 8 2 8 Ə 
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Fig 1. Number of patients in each of 5 groups. Pattents 
in Group 1 had infective endocarditis; in Group 2, acute 
rheumatic carditis; in Group 3, previous valve opera- 
tion; in Group 4, acute-on-chronic disease; and in 
Group 5, miscellaneous problems. 


Classification 
Five groups of patients were recognized (Fig 1). 

GROUP 1. Twenty-eight patients, 5 female 
and 23 male, had infective endocarditis. The 
mean age was 30 years (range, 16 to 53 years). 
Although positive blood cultures were obtained 
infrequently in these patients, gross macro- 
scopic evidence of endocarditis with vegetations 
and leaflet perforation or destruction was pres- 
sent. Many of these patients had endocarditis 
on a normal or relatively normal valve, with 
acute hemodynamic decompensation. 

GROUP 2. Forty-three patients, 19 female 
and 24 male, had acute rheumatic carditis. The 
mean age was 15 years (range, 5 to 34 years). 
"Activity" was defined on several criteria: 
clinical (e.g., pyrexia, tachycardia, new mur- 
murs, increasing congestive heart failure, 
pericardial friction rub), laboratory (elevated 
erythrocyte sedimentation rate and mucopro- 
tein, presence of C-reactive protein), and path- 
ological (exudative, inflammatory lesions of the 
pericardium, myocardium, and leaflets, typical 
endocardial rheumatic vegetations, and Aschoff 
nodes). The patients were young, many of them 
with their first, and fulminating, attack of acute 


rheumatic carditis. All patients in this group . 


had pure or dominant mitral or aortic regurgi- 
taion or both. One patient was catheterized 

preoperatively. The left ventricular end-dias- 
 tolic pressure (LVEDP) was greater than 20 


mm Hg with an ejection fraction of only 5096, 
despite severe mitral regurgitation (left atrial 
v wave, 55 to 60 mm Hg). 

GROUP 3. Twenty-nine patients had under- 
gone previous valve operation (excluding 
closed mitral valvotomy). There were 19 female 
and 10 male patients ranging from 12 to 51 years 
old (mean age, 24 years). These patients had 
operations for thrombosed, obstructed valves, 
ring leaks, failed mitral annuloplasty, and aortic 
homograft incompetence. 

GROUP 4. Sixty-seven patients, 31 female 
and 36 male, had acute-on-chronic cardiac dis- 


ease. They ranged from 3 to 70 years old, with a 


mean age of 34 years. Most of these patients had 
had long-standing disease, but were not seen 
initially until they had acute-on-chronic cardiac 
decompensation. All patients with aortic valve 
disease had a LVEDP greater than 20 mm Hg 
when measured at operation. The cardiotho- 
racic ratio was invariably greater than 7596. 

GROUP 5. Three patients, all of them men, 
fell into the miscellaneous category. The mean 
age was 25 years (range, 24 to 28 years). All of 
them had an incorrect assessment of valve dis- 
ease. Two had pulmonary thromboembolic dis- 
ease and 1, cardiomyopathy. 


Operations Performed 

MITRAL VALVE. Fifty-eight mitral valve proce- 
dures were performed because of mitral regur- 
gitation (32 patients or 5596), mixed disease (15 
patients or 2696), and mitral stenosis (10 pa- 
tients or 17%) (Fig 2). Fifty-two patients 
underwent mitral valve replacement (MVR) (24 
Bjork-Shiley mitral valve prostheses and 28 por- 
cine heterograft bioprostheses), while 5 pa- 
tients had mitral annuloplasty, and 1 had direct 
suture closure of a mitral valve ring leak. 
Tricuspid valve annuloplasty was performed in 
20 of these patients, and 1 patient had asso- 
ciated tricuspid valve replacement. 

AORTIC VALVE. Sixty-five aortic valve pro- 
cedures were done. Functionally, 59 (9196) pa- 
tients had aortic regurgitation, 4 (6%) mixed 
disease, and 2 (3%) aortic stenosis. Bjórk-Shiley 
aortic valve replacement (AVR) was performed 
in 64 patients, and 1 patient had resuspension 
of aortic commissures after repair of a dissect- 
ing aneurysm. The ascending aorta was re- 
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Fig 2. Number and type of valve procedures and func- 
tional abnormality. (MV = mitral valve procedure; AV 
— aortic valve procedure; XV — multiple valve proce- 
dure; T — tricuspid valve.) 


placed in 4 patients. Although mitral valve op- 
eration was not required, 2 patients in this 
group had an associated tricuspid valve an- 
nuloplasty. When necessary, patch grafting of 
the aortic root and oblique insertion of the 
prosthesis enabled the surgeon to insert a valve 
larger than the one that would normally be ac- 
commodated by the host aortic annulus [14]. 
MULTIPLE VALVE. Forty-four multiple valve 
procedures were done. Included in this group 
were all patients in whom operation was per- 
formed’ on two or more valves, excluding 
tricuspid annuloplasty and closed mitral val- 
votomy: (on cardiopulmonary bypass). Most 
patients had regurgitant lesions (see Fig 2). 


Technique 

Cardiopulmonary bypass with moderate hy- 
pothermia was used in all patients. An inter- 
rupted suture technique was used for AVR and 
for MVR with a Hancock porcine valve. A con- 
tinuous suture, interrupted at five or six points, 
was used for MVR with a Bjórk-Shiley valve. 
Coronary artery perfusion with a beating heart 
was preferred for AVR, while intermittent aor- 
tic cross-clamping, for periods not exceeding 
fifteen minutes, was employed during MVR. 
During the last 8 months of the study, cold car- 
dioplegic solution with iced saline solution in 
the pericardial cavity was used for myocardial 
protection (34 patients). A Reed-type mitral an- 


nulopkasty [24] and modified Devega tricuspid 
valve annuloplasty were performed. In patients 
with bacterial endocarditis, extreme care was 
taken to remove all grossly infected tissue; the 
area was thoroughly-curetted and washed with 
neom;jcin solution. The prosthetic valve was 
also Eathed in neomycin. 

All patients were routinely ventilated post- 
operatively. Inotropic agents were used when 
necessary, and 4 patients required intraaortic 
balloon counterpulsation. 


Results 

Early Deaths 

Early mortality, i.e., deaths occurring within 
thirty days of operation, was 23% (39 of 167 pa- 
tients) (Table 1). With the use of cold cardio- 
pleg.c myocardial protection during the last 8 
months of the study, mortality decreased to 
10%. Relative to other groups, the adverse af- 
fect 5f previous operation and mitral valve op- 
eratton on hospital survival is evident. 
Thirty-four percent of patients in Group 3 died, 
and 29% of patients failed to survive a mitral 
valve procedure (Table 2). Interestingly, 25 of 
the 39 patients who died had pure mitral regur- 
gita-ion or mitral regurgitation associated with 


Tab.e 1. Early Deaths by Group 


No. of Mortality . 
Patients 
Group (N = 167) No. Percent 
1 28 4 14 
2 43 4 9 
3 29 10 34 
4 67 21 31 
Average 23 


Table 2. Early Deaths by Valve Procedure 


No. of Mortality 
Valve Patients 
Procedure (N = 167) No. Percent 
AV 65 12 18 
M7 58 17 29 
XV 44 10 23 
Average 23 





AV = aortic valve procedure; MV = mitral valve procedure; 
XV — multiple valve procedure. 
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Table 3. Causes of Late Death 








Group 

Cause 1 2 3 4 Total 
Myocardial failure 0 5 3 2 10 
Valve malfunction 0 1 0 0 1 
Anticoagulant bleed 0 1 1 0 2 
Cerebral emboli 0 1 0 0 1 
Renal failure 1 0 0 0 1 
Unknown 0 0 0 1 1 

Total 1 8 4 3 16 


aortic valve disease. Mortality in patients with 
jaundice, renal failure, preoperative cardiac ar- 
rest, and cardiac cachexia was 42%, 46%, 75%, 
and 45%, respectively. 

The most common cause of death was multi- 
ple organ failure, with or without a low post- 
operative cardiac output, a legacy of the pre- 
operative clinical status of the patient. It 
accounted for 5996 of early deaths (23 of 39). 
Pulmonary complications led to 2896 of the 
deaths (11 patients). Pulmonary thromboem- 
bolic disease occurred particularly in patients 
who died following mitral valve operation 
(with or without AVR) and may have been the 
precipitating cause for emergency operation in 
several patients. It is conceivable that pulmo- 
nary embolectomy would have salvaged some 
of them. Valve malfunction caused 1 death (396); 
cerebral emboli, 2 (596); and unknown causes, 


2 (5%). There were no deaths as a direct result- 


Fig 3. Actuarial survival for all hospital survivors and 
for Groups 1, 2, 3, and 4 individually. 
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of the technical hazards associated with re- 
operation. 


Late Deaths 

There were 16 late deaths 1 to 54 months after 
operation (Table 3). Death was attributed to 
myocardial failure (or arrhythmia) in 10 pa- 
tients. Nine of these patients had pure mitral 
regurgitation as the initial functional lesion 
either alone or combined with aortic valve dis- 
ease. Postmortem examination in 5 of these 
patients revealed marked left ventricular dilata- 
tion without evidence of acute rheumatic car- 
ditis, either macroscopically or microscopically. 
Eight of the patients who died were operated 
on during the acute phase of rheumatic fever 
(Group 2). There was only 1 late death in Group 
1 (due to renal failure) but 3 patients in Group 4 
with chronic end-stage disease died. 

Overall actuarial survival (10) at 3 years 
was 52%. Actuarial survival, excluding opera- 
tive mortality, in the entire series and in each 
individual group (excluding Group 5) is shown 
in Figure 3. Patients have been followed for a 
maximum of 442 years with a 93% follow-up. 
The excellent survival of patients with infective 
endocarditis (91% at 3 years) is striking. On the 
other hand, the 3-year actuarial survival of hos- 
pital survivors in patients with acute rheumatic 
carditis and previous valve operation is only 51 
and 65%, respectively. 


Functional Status of Survivors 

Evaluation of the postoperative New York 
Heart Association Functional Class of the 115 
surviving patients demonstrates a dramatic 
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Fig 4. New York Heart Association (NYHA) Functional 
Class of survivors. 


clinical improvement (Fig 4). The results are en- 
couraging in view of the grave preoperative 
clinical status of all patients. However, 43 (37%) 
survivors were less than 20 years old. The 
difficulties of assigning these patients to a 
Functional Class are obvious. 


Hemodynamic Data 

Seven patients, all in Group 2, were re- 
catheterized (Table 4). Although 2 of them had 
markedly impaired left ventricular function, the 
remainder demonstrated relatively normal left 
ventricular performance. 


Comment 


Advanced cardiac disability and preoperative 
clinical status are major determinants of survi- 


Table 4. Late Hemodynamic Studies 


val following valve replacement [20, 21, 27]. For 
all our patients, survival was not anticipated 
beyond hours, or at most days, without opera- 
tive intervention. Viewed in this light, the 
77% early salvage rate and 52% 3-year actuarial 
survival including operative mortality in our 
series is most gratifying. One hundred fifteen 
(6896) patients were alive 2 to 41 months fol- 
lowing operation. Several factors influenced 
early mortality and late survival. They include 
precipitating factors such as acute rheumatic 
carditis and infective endocarditis, the chro- 
nicity of cardiac disease, the etiology and type of 
valve lesion and previous operation, and the 
presence of preoperative jaundice, renal failure, 
cardiac arrest, and cardiac cachexia. 

Acute rheumatic carditis is found among 
people in Africa and various parts of Asia, as 
well as underprivileged groups in Western 
countries. All patients in our series with acute 
rheumatic carditis had mitral or aortic regurgi- 
tation (or both) as a dominant or pure hemo- 
dynamic lesion. A characteristic pathologi- 
cal feature in these patients was dilatation of 
the annulus of the aortic or mitral valve, or 
both valves. Dilatation of the annulus of the 
mitral valve in patients with acute rheumatic 
carditis has been noted by others [6, 26, 28, 35]. 
The leaflets were friable and inflamed, were not 
transparent, and had small fibrinous vegeta- 
tions on the atrial surface. Microscopically, 
typical proliferative and exudative lesions were 
noted with mucoid edema and an infiltration of 
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Patient Valve PAP LAP 

No. Procedure (mm Hg) (mm Hg) 
1 

2 MVITV 30/12 5 

3 MV 38/18 

4 XV 55/20 E 

5 MV 40/24 18 

6 MV 34/16 12 

7 


Postop 

LVEDP EF CI Interval 
(mm Hg) (96) Limin/m? (mo) 

1 64 3.5 7 

2 67 3.7 18 
16 10 2.0 263 
40 15 1.5 4a 

4 81 2.25 11 

5 59 3.0 12 

6 76 4.3 24 


MV 32/16 13 


"Late death. 


PAP = pulmonary artery pressure; LAP = left atrial pressure; LVEDP = left ventricular end-diastolic pressure; EF = 
ejection fraction; CI = cardiac index; AV = aortic valve procedure; MV = mitral valve procedure; TV = tricuspid valve 


procedure; XV = multiple valve procedure. 
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inflammatory cells, predominantly lympho- 
cytes and neutrophils. The myocardium was 
edematous and contracted poorly. Aschoff 
nodes were noted in the myocardium in all pa- 
tients who died early after operation. Only 996 
of patients died within thirty days of operation, 
and most of them died early in the series. None 
of the last 16 patients seen has died following 
operation. Better results have been attributed to 
improved methods of myocardial protection, 
routine ventilation with complete sedation, and 
in 2 patients, the use of intraaortic balloon 
counterpulsation. 

Heart failure in children with acute rheu- 
matic disease is due to a combination of myo- 
cardial disease (probably toxic) [30] and me- 
chanical valvular dysfunction. Although the 
former may be the dominant factor in many pa- 
tients, our operative survival together with that 
reported by others [9, 17, 31, 33, 34] and the 
striking clinical improvement in patients clearly 
demonstrate the importance of the latter. Most 
often, acute rheumatic carditis can be controlled 
medically and operation can be delayed or even 
rendered unnecessary. However, while there is 
a natural reluctance to operate on patients with 
this condition because of concomitant myocar- 
ditis, operation is indicated when survival can- 
not be anticipated by medical therapy alone 
and when an important mechanical valvular 
_ impediment exists. The favorable initial out- 
come in most patients in this series indicates 
the frequent importance of a mechanical factor 
in active carditis. 

In contrast to the relatively low hospital 
mortality, poor long-term results were encoun- 
tered in patients with acute rheumatic carditis 
because of a high late mortality from myocar- 
dial failure. At postmortem examination, the 
left ventricle was markedly dilated and thin 
walled. Aschoff nodes were not encountered in 
the myocardium, which confirms the findings 
of others [31, 32]. Although penicillin chemo- 
prophylaxis was prescribed for all patients, dif- 
ficult socioeconomic circumstances may have 
precluded strict adherence to this regimen. 
Consequently, it is probable that many patients 
had continued rheumatic activity. 

Our series confirms the excellent results pre- 
viously reported of valve replacement in the 


presence of active infective endocarditis [15, 
25]. Earlier concern regarding the risk of infec- 
tion of the prosthesis and the technical difficul- 
ties of a friable annulus has been exaggerated. 
Although 4 patients in our series had aortic 
valve ring leaks (1 required reoperation), only 1 
has died, a late death (due to renal failure). 
While it is preferable to control infection before 
valve replacement, the indication for and tim- 
ing of operation should be dictated by the 
hemodynamic status of the patient. Three of 4 
hospital deaths in the series resulted from mul- 
tiple organ failure. Unnecessary procrastination 
in order to try to achieve bacteriological cure 
may considerably jeopardize the prospects for 
surgical cure. In 1977, Boyd and co-workers [2] 
noted a 9096 mortality in patients with uncon- 
trolled infection in whom operation was de- 
layed for four to six weeks. By contrast, in 
patients with controlled infection who had op- 
eration promptly, mortality was 7%. We agree 
with Manhas and associates [19], who wrote 
that, "next to antibiotics, the introduction of 
open heart surgery in the management of in- 
fective endocarditis has been the single most 
significant recent advance in changing the 
prognosis of an entity which was otherwise 
uniformly fatal." 

Several authors have demonstrated that the 
degree of preoperative cardiac disability affects 
the results of heart valve operation [1, 3-5, 12, 
13]. In a series of patients with advanced aortic 
valve disease, Bryant and colleagues [4] found a 
disappointing 5-year survival of 4096 after 
AVR. Braun and associates [3] noted a positive 
correlation between heart size and results of 
AVR, while Hirshfeld and co-workers [12] 
demonstrated the adverse prognostic effect of 
an elevated LVEDP in patients with aortic re- 
gurgitation and of the functional status in pa- 
tients with aortic stenosis. At the time of oper- 
ation, the cardiothoracic ratio in all our patients 


in Group 4 (end-stage cardiac disease) was 


greater than 7096 and the intraoperative LVEDP 
was greater than 20 mm Hg. In our series, 
largely as a result of a high early mortality of 
3196, only 5096 of patients with end-stage car- 
diac disease and acute-on-chronic decompen- 
sation (Group 4) is expected to be alive at 3 
years. Although both early and late risk are in- 
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creased in patients with long-standing cardiac 
decompensation, advanced disability, and ir- 
reversible myocardial injury, excellent pallia- 
tion is achieved in the survivors. However, 
residual myocardial abnormality has been dem- 
onstrated late after operation [8]. 

Complications related to artificial valves, to- 
gether with an ever increasing patient popula- 
tion with these prostheses, have resulted in a 
sharp increase in the number of reoperations. 
Improved techniques have almost eliminated 
technical factors as a cause of death following 
reoperation. Rather, several authors [7, 29, 36] 
have emphasized that advanced disease is of 
prime importance in determining the increase 
in mortality in this group. This factor is par- 
ticularly evident in emergency reoperation. 
Thirty-four percent of patients in our series 
died in the immediate postoperative period. A 
similar hospital mortality (42.9%) was reported 
by Parr and colleagues [22]. Clearly, when the 
necessity for reoperation becomes evident, the 
operation must not be delayed unduly. 

The frequency of mitral regurgitation as the 
functional abnormality precipitating emer- 
gency valve operation in our series may be a 
major factor contributing to early and late mor- 
tality. A higher mortality has been reported 
previously when MVR was performed for this 
condition [27]. Myocardial dysfunction, par- 
ticularly in patients with mitral regurgitation, 
has been reported in patients following MVR 
[11, 18]. Kirklin’s [16] hypothesis that impair- 
ment in myocardial function following MVR for 
mitral regurgitation may be related to a change 
in afterload and myocardial systolic wall ten- 
sion has been supported by the experimental 
observations of Rankin and associates [23]. 
Moreover, it can be postulated that in the ab- 
sence of mitral regurgitation (and a higher ejec- 
tion fraction), the mean left ventricular cavity 
diameter throughout the cardiac cycle is in- 
creased. This results in chronic progressive 
subendocardial ischemia. 

Important preoperative risk factors deter- 
" mining hospital survival in our series included 
jaundice, uremia, cardiac arrest, and cardiac 
cachexia. They contributed to a mortality of 
42%, 46%, 75%, and 45%, respectively. 

Considering the hopeless prognosis of these 


patients unless operation is performed, the 52% 
overall actuarial survival.at 3 years following 
emergency heart valve replacement is a good 
salvage rate. Valve replacement is a most ef- 
fecttve and decisive manner of achieving 
herrodynamic improvement in patients with 
severe valvular lesions. Unnecessary procrasti- 
nation in an attempt to achieve hemodynamic 
improvement, bacteriological cure in patients 
with infective endocarditis, or a reduction of 
rheumatic activity might only jeopardize the 
prospects for recovery. The frequency of myo- 
carcial failure as the cause of late death suggests 
thai long-term survival is intimately related to 
the reversibility (or nonprogression) of ven- 
tricular damage at the time of operation and to 
continued rheumatic myocardial involvement 
following operation. 
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Thirteen Years’ Experience 


with the Kay-Shiley Disc Valve for 
Tricuspid Replacement in Ebstein's Anomaly 


Masaharu Shigenobu, M.D., Michael A. Mendez, M.D., 
Pablo Zubiate, M.D., and Jerome Harold Kay, M.D. 


ABSTRACT From August, 1965, to November, 
1974, 11 patients underwent operation for Ebstein's 
anomaly. In 1 patient operated on on August 16, 
1965, the early Kay-Shiley disc valve was used. In 
the remaining 10 patients, the Kay-Shiley muscle 
guard valve was inserted. This valve was designed 
to prevent the prosthesis from encroaching on the 
right ventricle, thereby increasing the flow around 
the disc. One patient with a history of Wolff- 
Parkinson-White syndrome died of dysrhythmia on 
the first postoperative day. The other 10 patients 
have been followed from 4 to 13 years (mean, 6 years 
2 months) after operation. Seven patients are work- 
ing full-time without difficulty, 2 are housewives, 
and 1 attends school. All patients have improved at 
least one class in the New York Heart Association 
Functional Classification. 


There are very few reports on the long-term 
results of patients operated on for Ebstein’s 
anomaly. Here, we review our experience with 
11 consecutive patients with Ebstein's anomaly 
who underwent replacement of the malformed 
tricuspid valve with a Kay-Shiley disc valve. 


Material and Methods 

From August, 1965, to November, 1974, 6 fe- 
male and 5 male patients between 15 and 65 
years old underwent operation for Ebstein's 
anomaly. The preoperative clinical status, the 
operative findings, and the postoperative con- 
dition of the 11 patients are recorded in Tables 1 
and 2. In all but 1 patient the diagnosis was 
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made prior to operation and was confirmed by 
cardiac catheterization and angiography. Func- 
tional disability ranged from New York Heart 
Association Functional Class III to IV. 

At operation, all 11 patients had a dilated 
right atrium and 8 had such a thin-walled atri- 
alized ventricle that the blood could be seen in 
the right ventricle. A distinct atrialized ventri- 
cle was not apparent in 4 patients. Nine pa- 
tients had an atrial communication. In 4 of the 
patients there was a patent foramen ovale and 
in 5, an atrial septal defect of the ostium secun- 
dum type. One patient also had stenosis of the 
pulmonary valve with fusion of all three com- 
missures. The tricuspid valve was thought to be 
irreparable in all 11 patients and was replaced 
with a Kay-Shiley disc valve. The first Kay- 
Shiley disc valve [5] used clinically was inserted 
in the first patient in this series on August 6, 
1965 (Figure, A). This valve did not have a mus- 
cle guard, and there was bare metal on the 
struts and seating ring. 

The complete muscle guard was designed to 
prevent the right ventricle from squeezing 
down on the prosthesis and thereby decreasing 
the flow of blood around the disc or from cap- 
turing the disc (Figure, B). Experimental results 
published in 1974 [8] revealed fewer complica- 
tions with the muscle guard disc valve com- 
pared with the ball valve and disc valve without 
a muscle guard. The disc valve with the muscle 
guard was used in the remaining 10 patients. 

The prosthetic valve was sutured to the an- 
nulus in the position of the atrioventricular 
groove, except in the region of the coronary 
sinus. There the sutures were placed above the 
coronary sinus to avoid the atrioventricular 
conduction system, as suggested by Barnard 
and Schrire [1]. The coronary sinus was, 
therefore, beneath the prosthesis after insertion 
of the valve. Two patients underwent plication 
of the artrialized ventricle. Several mattress 
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Table 1. Symptoms, Physical Findings, and Laboratory Data 











Patient No., Hematocrit ^ 
Age (yr), Cardio- Heart (90))Hemo- 
Sex Symptoms megaly Murmur globin (gm)  Electrocardiogram Shunt 
1. 20, M Clubbing, cyanosis, exer- 2/6 Systolic 68/24 .2 ist degree AV R-L, 
tional dyspnea block, atypical L-R 
RBBB 
2. 15, F Clubbing, cyanosis, exer- 1/6 Systolic 46/16.1 RBBB R-L, 
tional dyspnea L-R 
3.21, M Clubbing, cyanosis, exer- 3/6 Systolic 72/25.4 Sinus R-L 
tional dyspnea 
4.22,M Congestive heart failure, — 3/6 Systolic, — 61/22.4 Sinus tachycardia, | R-L 
cyanosis diastolic RBBB L-R 
5.19, F Congestive heart failure, 0/6 Systolic 60/20.0 RBBB R-L 
clubbing, cyanosis 
5.22, FP Clubbing, cyanosis, exer- 3/6 Systolic — 37/12.4 Ist degree AV R-L 
tional dyspnea block, RBBB 
7. 15, B Exertional dyspnea 3/6 Systolic  39/13.7 W-P-W syndrome  ... 
8.59, M Clubbing, cyanosis, 4/6 Systolic 48/16.0 Ist degree AV R-L 
paradoxic emboli, exer- block, old inferior 
tional dyspnea MI, atypical RBBB 
9. 62, F Congestive 4l6 Systolic 37/13.0 Atrial fibrillation 
heart failure 
10. 21, M Exertional 2/6 Systolic  48/16.6 W-P-W L-R 
dyspnea syndrome 
11. 29, F Congestive 2/6 Systolic —— 48/16.4 RBBB R-L 
heart failure 
AV = atrioventricular; RBBB = right bundle-branch block; R-L = right-to-left; L-R = left-to-right; W-P-W = Wolff- 
Parkinson-White; MI = myocardial infarction. 
Table 2. Operative Data and Follow-up Data 
i 
Date of Anomalous : ^ 
Patient Opera- ASD, Conduction 
No. tion PFO Pathway Operative Procedure 
1 8/6/65 ASD No No. 7 Kay-Shiley disc valve without muscle guard, plication 
of atrialized ventricle 
Z 12/9/68 PFO No No. 9 Kay-Shiley disc valve with complete muscle guard 
3 2/21/69 ASD No No. 9 Kay-Shiley disc valve with complete muscle guard, pli- 
cation of atrialized ventricle 
4 9/16/69 PFO No No. 9 Kay-Shiley disc valve with complete muscle guard 
5 4/8/70 PFO No No. 8 Kay-Shiley disc valve with complete muscle guard 
6 11/23/70 ASD No No. 8 Kay-Shiley disc valve with complete muscle guard 
7 11/27/72 No Yes No. 9 Kay-Shiley disc valve with complete muscle guard 
8 11/6/73 PFO No No. 9 Kay-Shiley disc valve with complete muscle guard 
9 1/11/74 No No No. 9 Kay-Shiley disc valve with complete muscle guard 
10 5/22/74 ASD Yes No. 9 Kay-Shiley disc valve with complete muscle guard d 
11 11/11/74 | ASD No No. 8 Kay-Shiley disc valve with complete muscle guard 





ASD = atrial septal defect; PFO = patent foramen ovale; NYHA = New York Heart Association. 
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(A) Early disc valve orifice diameter in this No. 7 valve 
was 20 mm, and the orifice area was 3.2 cm?. It is a 
Silastic disc. (B) Tricuspid disc valve with muscle guard, 
complete cloth covering of the flange, and a Delrin disc. 
Sizes used in this series were Nos. 8 and 9. The orifice 
diameters were 22 and 24 mm, respectively, and the 
orifice areas, 3.7 and 4.3 cm’, respectively. 


NYHA Functional 
Class 
Operative Heart Block Preop. Postop. 
No III I 
No IH I 
No II! I 
No IV I 
No Ii IJ 
No III II 
No . M 
Permanent complete IH I 
heart block 
No III I 
No III I 
Complete heart block for IH I 


2 days postop. 






sutures placed over two long Teflon-felt strips 
were used to eliminate the atrialized ventricle 
and the paradoxical bulge. 

In 6 patients, the atrialized ventricle was 


| present but the entire right ventricle, in- 


cluding this segment, contracted well, without 


- paradoxical distention following tricuspid valve 


replacement. For this reason, the atrialized 
vertricle was not plicated in these patients. 
Pulmonary valvotomy was performed in 1 pa- 
tient. The atrial septal defect and patent fora- 
men ovale were closed when present. Wolff-Par- 
kinson-White syndrome (type B) was present 
in 2 patients. In 1 patient, surgical division 
of ihe bundle of Kent was performed with the 
incision extending from the level of the coro- 
nary artery. Electrical mapping of the heart re- 
vezled that the anomalous conduction bundle 
had been properly sectioned. One patient had 
complete heart block following operation, and a 
permanent pacemaker was implanted. One pa- 
tient required the use of a temporary pacemaker 
for two days following operation. 


Results 

Th2re was 1 hospital death and no late deaths 
among these 11 patients. The patient who died 
was operated on on November 27, 1972, and 


Comments 





13 yr postop.: well, working full-time 


315 yr postop.: well, working full-time 
3¥2 yr postop.: well, working full-time 


3 yr postop.: well, working full-time 

3 yr postop.: well, attends school, digoxin 

71 yr postop.: well but obese, performs house- 
work, digoxin 

Died on first postop. day 

4%, yr postop.: well, working full-time, digoxin, 
has permanent pacemaker 

i15 yr postop.: well, performs housework, di- 
goxin | 

i yr postop.: well, quinidine, working full-time 

i yr postop.: well, working full-time, digoxin 
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appeared to be doing well following operation, 
but died suddenly of a dysrhythmia on the first 
postoperative day. This patient had Wolff- 
Parkinson-White syndrome, but operative di- 
vision of the abnormal bundle of Kent was not 
performed. 

The 10 patients who were discharged from 
the hospital are alive and doing well as of this 
writing. Exercise tolerance has increased mark- 
edly in all of them, and they are able to partici- 
pate in normal activities. Seven patients are 
working full-time without difficulty. Two other 
patients are housewives and do the usual 
housework. The other patient attends school 
and also is asymptomatic. All of the surviving 
patients (mean survival, 6 years 2 months after 
operation) improved at least one class in the 
NYHA Functional Classification. One went 
from Class IV to Class I, 2 progressed from Class 
III to Class II, and 7 went from Class III to Class 
L 

A significant decrease in the cardiac sil- 
houette was noted in 8 patients, and the cy- 
anosis disappeared in all patients who were 
cyanotic preoperatively. All patients are on a 
regimen of warfarin, and the prothrombin time 
is maintained between 20 and 30% of control 
concentration. There has been no evidence of 
pulmonary emboli in any of these patients. 


Comment 
Ebstein's anomaly is an uncommon congeni- 
tal malformation, which is characterized by 
downward displacement of the septal and pos- 
terior leaflets of the tricuspid valve. The an- 
terior leaflet is usually large and sail-like and 
arises normally from the tricuspid ring [6]. 
Pathological abnormalities and clinical disabil- 
ity in patients with Ebstein's anomaly may dif- 
fer tremendously. All 11 of our patients were 
more than 15 years old when they underwent 
valve replacement. Although heart murmurs 
had been noted from birth in all of them, oper- 
ation had been delayed and advised only when 
increasing disability made it difficult for them 
to carry on with daily activity. Congestive heart 
failure, increasing cyanosis, paradoxical em- 
boli, or intractable arrhythmia was the indica- 
tion for operation. 

Not only the clinical symptoms but anatom- 


ical findings in patients with Ebstein's anomaly 
vary widely. The anterior leaflet may not be 
large enough to occlude the atrioventricular 
orifice even if the tricuspid ring is reduced to a 
more normal size in the absence of the septal 
and posterior leaflets. The apparent frequent 
combination of obstruction of blood flow to the 
distal right ventricle due to abnormal valvular 
attachment or bizarre origin of the chordae 
tendineae may require excision of the valvular 
tissue. The presence of residual tricuspid insuf- 
ficiency after repair and closure of the atrial 
septal defect may produce unsatisfactory results. 
Repair of the tricuspid valve associated with 
plication of the atrialized ventricle was sug- 
gested by Hunter and Lillehei in 1958 [4]. Suc- 
cessful employment of this method has been 
reported by several authors [2, 3, 7]. 

In 1976, McFaul and co-workers [7] presented 
the cases of 13 patients with Ebstein's malfor- 
mation who underwent surgical treatment. Of 5 
patients who had tricuspid annuloplasty with 
plication of the atrialized segment of the right 
ventricle, all but 1 survived the operation. Of 
the 5 patients with prosthetic valve replace- 
ment, only 1 survived. 

Tricuspid valve repair appeared ideal, and 
we had hoped to repair the valve rather than 
replace it. However, we had to replace the valve 
in all of our patients. The main difference be- 
tween the results of McFaul and associates and 
those of our’group is the survival rate of pa- 
tients who had tricuspid valve replacement. 
However, this may be due to the young age of 4 
of’ their patients. In our 11 patients who under- 
went valve replacement, 10 survived (follow-up 
ranges from 4 to 13 years with a mean of 6 years 
2 months). Our experience suggests that re- 
placement of the malformed tricuspid valve will 
be successful if the proper valve is employed. 

In 9 patients, the atrialized ventricle con- 
tracted well after tricuspid valve replacement, 
and consequently, exclusion of this segment 
was not done. In 2 patients, concomitant plica- 
tion of the large atrialized ventricle was per- 
formed, and those patients did well. Elimina- 
tion of the atrialized ventricle is not essential 
for treatment of Ebstein's anomaly as long as 
the paradoxical bulge does not persist following 
replacement of the tricuspid valve. 


» 
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One patient with a previous history of 
Wolff-Parkinson-White syndrome for which 
surgical division of the abnormal conduction 
pathway was not performed died of dysrythmia 
on the first postoperative day. À second patient 
who had Wolff-Parkinson-White syndrome 
prior to the operation underwent resection of 
the bundle of Kent and tricuspid replace- 
ment. The patient has done well and is in 
sinus rhythm 4 years following the operation. 
This result suggests that in patients with Eb- 
stein's anomaly and Wolff-Parkinson-White 
syndrome, operative division of the accessory 
pathway should be undertaken to prevent sud- 
den death after operation. 
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The Twenty-seventh Annual Meeting of the 
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held at the Greenbriar, White Sulphur Springs, 
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mitted to The Annals of Thoracic Surgery by Oct 
15. 1980. 

Applications for membership should be 
completed by Sept 1, 1980, and forwarded to 
E. P. Smith, Jr., M.D., 425 S Bath Club Blvd, 
N Redington Beach, FL 33708. 


Richard B. McElvein, M.D. 
Secretary- Treasurer 


The Marfan Syndrome: | 


Surgical Technique and Follow-up in 50 Patients 


Roberto Gallotti, M.D., and Donald N. Ross, F.R.C.S. 


ABSTRACT Fifty patients with Marfan’s syndrome 
underwent operation at the National Heart Hospi- 
tal because of cardiovascular complications. Forty- 
six had an aneurysm of the ascending aorta, 13 had 
chronic dissection, and 6 had acute dissection of the 
aortic wall. Forty-three aortic valves were incompe- 
tent, and five were stenotic and incompetent. One 
mitral valve had minor regurgitation. The Starr- 
Edwards prosthesis was used in 36 patients, homo- 
graft valves in 4, fascia lata valves in 2, and xenograft 
valves in 6. The ascending aorta was replaced with a 
Dacron tube in 40 patients and with an aortic homo- 
graft in 2. Three patients required Dacron patches 
over the aneurysm, and 1 patient had plication of the 
aortic wall. 

Early mortality totaled 12% (6 patients). Only 1 of 
these patients died in the last five years. Reopera- 
tions for homograft incompetence, periprosthetic 
leak, and acute dissection of an unreplaced aorta re- 
sulted in 1 hospital death (33%). Forty-three patients 
have been followed for up to 8.5 years (mean, 3.5 
years), with 7 late deaths (16.2%). The improvement 
in recent surgical results with decreased operative 
mortality supports an aggressive surgical approach 
to Marfan’s syndrome in view of the poor prognosis 
for the natural history of this disease. 


. Marfan's syndrome was described in 1896 as a 
hereditary disorder of connective tissue with 
skeletal, optical, and cardiovascular lesions 
[14]. The cardiovascular lesions are more dra- 
matic since they can be the cause of early 
deaths [15, 16, 18]. Cases in which all these le- 
sions are present are classified as typical Mar- 
fan's syndrome; those with only cardiovascular 
lesions are classified as forme fruste [10, 26, 27]. 
The cardiovascular lesion is characterized by 
a dilatation of the proximal ascending aorta, 
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which assumes a flask shape. This aortic dilata- 
tion includes the valve annulus and usually re- 
sults in aortic incompetence [11, 22, 23]. Aortic 
wall dissection is a grave complication and can 
cause rupture, sudden occlusion, or aortic in- 
sufficiency if it dissects proximally or there may 
be distal dissection with rupture or occlusion of 
branch vessels [11, 17]. Marfan’s syndrome also 
can involve the mitral valve, with prolapse of 
one or both cusps, but mitral incompetence is 
infrequent; when it occurs, it is usually due to 
ruptured chordae [2, 4, 21, 24]. 

The first corrective operations in the early 
1960s consisted of replacement of the ascending 
aorta together with repair or replacement of the 
aortic valve. The results of these operations 
were not encouraging because of recurrent aor- 
tic regurgitation, frequent periprosthetic leaks, 
and hemorrhage from suture lines [8, 17, 26]. 


Material 

Between October, 1965, and April, 1978, in the 
National Heart Hospital 50 patients with Mar- 
fan’s syndrome underwent operation. There 
were 42 male and 8 female patients ranging in 
age from 11 to 64 years (mean, 40.7 years). 
Skeletal, optical, and cardiovascular lesions 
typical of Marfan’s were present in 29 patients. 
Family history was positive in only 6. Twenty- 
one had forme fruste. Of all these patients, 18 
(36%) had a previous history of angina. Forty- 
three (86%) had sustained one or more episodes 
of cardiac failure due to aortic regurgitation. 

Specification by Functional Class was as fol- 
lows: 3 patients (6%) belonged to New York 
Heart Association (NYHA) Class II, 28 (56%) 
belonged to Class III, and 19 (38%) belonged to 
Class IV. Nine patients (18%) required emer- 
gency operation, and 6 of them had symptoms 
of acute dissection. 

In all patients the clinical diagnosis was con- 
firmed by radiology and angiography. Prolapse 
of the anterior leaflet of the mitral valve was 
detected angiographically in 10 patients and 
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was doubtful in another 3. Echocardiography, 
which was carried out in 15 patients, confirmed 
the diagnosis, with particular reference to the 
characteristics of the mitral valve, the aortic di- 
latation, and the existence of a double lumen 
when there was a dissection. All patients had 
electrocardiographic manifestations of left ven- 
tricular overload. 

In all except 4 patients there was evidence at 
operation of the characteristic aneurysmal di- 
latation of the ascending aorta. In 27 patients, 
there was an aneurysm without aortic dissec- 
tion; in 13, an aneurysm with chronic aortic 
dissection; and in 6, an aneurysm with acute 
aortic dissection. In 13 patients, there was ad- 
ditional evidence of a chronic dissection of the 
aorta with endothelialization of the false lumen. 
Six patients were seen with an acute dissection 
of the aorta. This was localized near the valve 
and in the region of the coronary ostia. In 4 
patients, the intima was circumferentially dis- 
sected. In 1 patient, the right coronary ostium 
also was involved, but was not obstructed. 

The aortic valve cusps were usually thin and 
attenuated. In 43 patients, the aortic valve was 
grossly regurgitant due to dilatation of the aor- 
tic annulus. Only 1 of these patients had mitral 
incompetence as well. In 5 patients, however, 
there were both aortic stenosis and incompe- 
tence due to calcium in the cusps, which ap- 
peared thick and fibrotic. In 8 patients, the aor- 
tic valve was bicuspid. In 1 of them the valve 
lesion was accompanied by subaortic stenosis, 
and in another, there was evidence of a previ- 
ous repair of aortic coarctation. Two patients 
had normal aortic valves. 

Exploration of the mitral valve in 10 patients 
showed a prolapse of the anterior leaflet, but in 
only 1 was there evidence of minor mitral re- 
gurgitation. In 6 patients, the right coronary os- 
tium was at some distance from the aortic valve 
due to stretching of the anterior aortic wall. 
This phenomenon involved the left coronary 
ostium only once. 


Surgical Techniques 

Hypothermic cardiopulmonary bypass was 
used in all patients. When possible, the aortic 
arch was used for cannulation at the level of the 
innominate artery. When this was difficult 


either because of the size of the aneurysm or the 
presence of a dissection, the femoral artery was 
cannulated. Uninterrupted perfusion of the 
corcnary ostium with pump blood at 30° to 37°C 
was used routinely to protect the myocardium. 
The aortic valve was replaced in all but 2 pa- 
tients who had minimal or absent regurgitation 
at the time of angiography. In 36 patients, a 
Starr-Edwards prosthesis was inserted and in 
the remaining 12 patients, a biological valve: 4, 
an aortic homograft; 2, a stented fascia lata 
gratt; and 6, a Carpentier-Edwards xeriograft. 

The ascending aorta was resected and re- 
placed with a Dacron tube in 40 patients. In 3 
patents, the aortic wall was repaired with a 
Dacron patch after the double lumen of the dis- 
section had been oversewn. In 2 patients, the 
aor-ic root was replaced with a length of aortic 
homograft. In 1 of these patients, it was rein- 
forced with a tubular length of externally 
applied Dacron. One patient had only a wide 
ellintical excision of the aorta, and 4 others had 
no aorta resected because there was only mod- 
est dilatation. 

The Dacron conduit was inserted using five 
dif-erent techniques. In the first 7 patients, it 
was anastomosed to the aortic root just above 
the coronary ostia where the aorta had been 
transected because the aortic root itself did not 
appear to be dilated. In 6 patients, the right 
coronary orifice was displaced distally from 
stretching of the anterior aneurysmal wall. 
Therefore, the coronary ostium was cir- 
cumscribed with a disc. of aortic wall and 
reimplanted into the side of the Dacron pros- 
thesis. In another 6 patients, the Dacron pros- 
thesis was presewn directly to the ring of the 
art ficial valve and both coronary arteries were 
reimplanted into the Dacron tube. In 2 of these 
6 patients, the right coronary-artery conduit 
continuity was achieved with an interposed 
saphenous vein graft, in 1 because the dissec- 
tion involved the right coronary ostium and in 
the other because it was necessary to sacrifice 
the origin of the right coronary artery to control 
bleeding. On five occasions a tongue of aortic 
wall was preserved to include the coronary ostia 
and was attached to the Dacron tube, which 
was appropriately tailored to fit without kink- 
ing or traction [28]. 
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Surgical technique used in repair of Marfan's syndrome. 


In 16 patients we used the technique pro- 
posed by Bentall and De Bono [1, 25] and 
popularized by Edwards and Kerr [9]. The an- 
eurysm was opened longitudinally, and coro- 
nary cannulae were inserted (Figure, A). An 
appropriately sized mechanical prosthesis or 
xenograft was sewn into a preclotted Dacron 
prosthesis of the same diameter as the aortic 
arch with a continuous suture of Prolene (Fig- 
ure, B). The aortic cusps were excised (Figure, 
C), and the valved conduit was sutured to the 
cusp remnant with a continuous 2-0 Prolene 
suture, interrupted at several points, plus some 
additional sutures (Figure, D). At this stage, the 
suture line was tested with the heart beating, 
the conduit was clamped, and the left ventricu- 
lar vent was closed temporarily. Two holes 
about 1 cm in diameter were excised from the 
distended Dacron tube opposite the coronary 
ostia. The coronary cannulae then were reposi- 
tioned through the conduit and out the holes. 
The internal wall of the aneurysm around the 
coronary ostium was sutured to the windows 
with a continuous 5-0 Prolene suture (Figure, 
E). The distal anastomosis to the aorta was 
completed after the coronary cannulae were re- 
moved (Figure, F). The aneurysmal sac, freed 
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from adhesions and after tailoring, was then 
wrapped around the prosthesis and sewn with 
a loose mattress suture (Figure, G). The suture 
was tightened as soon as coagulation seemed 
satisfactory so as to avoid the formation of a 
hematoma between the sac and prosthesis. 

In 6 patients with acute dissecting aneurysms 
involving the arch at the level of the innominate 
artery, the false lumen was obliterated distally 
with a whip stitch, sometimes reinforced with a 
strip of Teflon felt, before the prosthesis was 
anastomosed to the aortic arch. In the patient 
with calcific aortic valve disease and a muscular 
subvalvular stenosis, an additional vertical 
myotomy was done on the ventricular septum. 


Results 

There were 6 (12%) hospital deaths within 45 
days of operation (Table). Thé first patient died 
of intractable ventricular fibrillation at the end 
of the operation. One patient had sudden 
bleeding from the proximal suture line at the 
end of the procedure, followed by hypotension, 
cardiac arrest, and serious cerebral damage, 
which resulted in death several days later. One 
patient died of neurological and pulmonary 
complications 25 days after the orotracheal tube 
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Deaths in 50 Patients with Marfan's 
Syndrome Treated Surgically 








No. of 

Deaths Patients Percent 

Hospital mortality after op- 6 12 
eration 

Hospital mortality after 1 33.3 
reoperation 

Hospital mortality in the 1 4.5 
last 5 yr (22 patients) 

Late mortality (43 patients 7 16.2 


available for follow-up) 
over 8.5 yr (avg, 3.5 yr) 





accidentally became kinked and caused cardiac 
arrest on the first postoperative night. The pa- 
tient who had an additional myotomy for sub- 
aortic muscular stenosis had three emergency 
reoperations within the first forty-eight hours 
because of bleeding and cardiac arrest due to 
atrioventricular block. He died of progressive 
cardiovascular deterioration after 5 days. One 
patient died 45 days postoperatively of a right 
ventricular infarct incurred after operation and 
complicated by arrhythmias. The reimplanted 
right coronary artery was open at postmortem 
examination. Another patient died in coma 15 
days postoperatively and, at postmortem ex- 
amination, the cause of the cerebral damage 
was attributed to further dissection of the aorta. 

Postoperative bleeding necessitated emer- 
gency reopening of the chest on three occa- 
sions. In 2 patients, the bleeding was from 
the apex of the left ventricle and in 1, from a 
dehiscence of the proximal suture line. 

Atrial and ventricular ectopia secondary to atri- 
oventricular dissociation and rapidly followed 
by return of sinus rhythm occurred in 8 patients 
in the first forty-eight hours after operation. 
One patient had two episodes of rapid ven- 
tricular tachycardia associated with a myocar- 
dial infarct on the fifth and sixth postoperative 
days. This patient was successfully converted to 
sinus rhythm. Three patients were discharged 
in atrial fibrillation. Atrioventricular dissocia- 
tion developed in 1 patient at the time of reop- 
- eration for bleeding, and a pacemaker was im- 
planted. 

Three patients had late reoperation. The first 
had a second operation 6 months after aortic 
homograft replacement. There was progressive 


di atation of the valvular annulus and tearing of 
a commissure, which led to a sudden regurgi- 
tation. The incompetent homograft was re- 
placed with a Dacron conduit bearing a Starr- 
Ecwards valve. This patient is alive 6 years after 
reoperation. The patient who had an aortic 
valve replacement with a Starr-Edwards pros- 
thesis but preservation of the apparently nor- 
mal ascending aorta had an emergency reoper- 
ation 4 years 10 months postoperatively for 
acate dissection of the ascending aorta. The as- 
cending aorta was replaced with a Dacron tube, 
and his condition appeared totally satisfactory 1 
year after the second operation. The third pa- 
tient was reoperated on a year after surgical re- 
pair with a Dacron tube bearing an aortic 
Starr-Edwards valve. There was a peripros- 
thetic leak caused by a staphylococcal infec- 
tion. The valve was replaced with an aortic 
homograft, but the patient died of myocardial 
intarction 2 days postoperatively with irrevers- 
ible dysrhythmias (see Table). 

There was a total of 7 late deaths among the 
43 patients followed-up (16.296) (see Table). 
One patient is living abroad, and follow-up 
daia were not available. Two died of myocardial 
infarction 9 months and 35 months after opera- 
tian. Postmortem examination of the first re- 
vealed that a hematoma between the conduit 
and the external aortic wall caused compression 
of the origin of the coronary artery. Another 
pazient died of infective endocarditis on the 
prosthesis 4 years 10 months after operation. 
Postmortem examination showed many vege- 
tat ons on the prosthesis causing malfunction 
and a large abscess behind the sternum 
originating at the base of the tubular Dacron 
prosthesis. One patient died of carcinoma in 
the left lower lobe 37 months after repair. One 
patient died of a myocardial infarction 2 days 
following reoperation, and a further 2 patients 
died of unknown cause 45 and 20 months post- 
operatively. Both had been asymptomatic. 

The remaining 36 patients have been fol- 
lowed for 6 months to 81⁄2 years (average, 31⁄2 
yeers). One patient with an aortic Starr- 
Ed-vards prosthesis had an embolic episode 
with residual hemianopsia 2 months post- 
operatively. One with a homograft valve has a 
diastolic murmur, and a new hemodynamic 
study is planned. The mitral valve, which was 


432 The Annals of Thoracic Surgery Vol29 No 5 May 1980 


known to be prolapsing but competent at explo- 
ration, has become moderately incompetent in 
1 patient during the subsequent 3 years. In the 
patient who had a demand pacemaker inserted 
for atrioventricular block, the pacemaker was 
found to be pacing only sporadically at 6 
months after operation but the circulatory state 
was good. The remaining 32 patients are in a 
satisfactory condition and a good hemodyna- 
mic state. In 70% of them, heart volume has 
been reduced significantly, and the Functional 
Class has improved substantially in 65%. 


Comment 

Cardiovascular lesions in patients with Mar- 
fan's syndrome are the chief cause of the poor 
life expectancy. They are present in 30 to 6096 of 
patients [4, 11, 15, 21]. They were recognized as 
the cause of death in 92.896 of patients with 
Marfan's syndrome studied by Murdoch and 
co-workers [18]. The most common cause of 
death is left ventricular failure due to aortic in- 
competence; sudden deaths are usually due to 
aortic dissection but are not frequent [11]. The 
average age of patients with Marfan's syndrome 
who did not undergo operation in the different 
series ranges from 30 to 45 years [3, 12, 18]. 

Unsuccessful surgical therapy in a patient 
with Marfan's syndrome was reported in 1957 
by Dimond and associates [8], who used a Huf- 
nagel valve positioned in the descending aorta. 
In 1960, Muller and co-workers [17] successfully 
replaced the aneurysmal ascending aorta and 
carried out bicuspidization of the valve in three 
patients with Marfan's disease. 

In a full revision of the literature in 1970, 
Symbas and colleagues [26] reported a mortality 
of 31.696 in 9 patients operated on up to that 
time. All the unsuccessful operations were at- 
tributed to the poor coaptation of the defective 
inelastic connective tissue to the graft. 

In the last 10 years, improvements in diag- 
nostic methods and especially refinements of 
surgical techniques have provided encouraging 
results. The method proposed by Bentall and 
De Bono [1] in 1968 offers a simplified and more 
rapid operation with less risk of bleeding, 
which is borne out by subsequent surgical se- 
ries. Against a hospital mortality of 2096 and a 
survival of 42.8% in 30 patients operated on 
before 1969, Nasrallah and associates [19] re- 


ported a hospital mortality of 1396 in the pa- 
tients having operation in the following 5 years. 
Crosby and co-workers [5] in 1973 referred to 
three patients operated on successfully and 
living 212 years postoperatively. A group from 
the Mayo Clinic [6] reported that among 31 pa- 
tients operated on for Marfan's syndrome up to 
June, 1976, total hospital deaths were 2996 but 
that 8 of the 9 deaths happened before or during 
1969. Their follow-up for the first 10 years 
(mean, 4.8 years) showed a late mortality of 
1696. In 7 patients with Marfan's syndrome op- 
erated on by the Bentall and De Bono proce- 
dure, Koizumi and colleagues [13] reported a 
hospital mortality of 14.2% and a late mortality 
of 16.6% after a mean follow-up of 2 years. In 
our series, only 1 hospital death (4.596) occurred 
in the last 5 years out of 22 patients operated 
on mainly with the Bentall and De Bono pro- 
cedure (see Table). Late mortality was 16.2%. 
A possible disadvantage of the procedure of 
Bentall and De Bono is the creation of a 
hematoma between the tubular prosthesis and 


the original aortic wall. This can cause com- 


pression of the origin at the coronary artery and 
lead to death, as in 1 of our patients, or it can 
cause supravalvular aortic stenosis, as reported 
in a patient operated on by Crosby and co- 
workers [5]. On the other hand, the method has 
the advantage of containing the bleeding from a 
leaking conduit. This is a safety factor since 1 of 
our patients was successfully reoperated on for 
a late leak at the lower suture line.at 12 months. 
The mitral valve was successfully replaced in 
a patient with Marfan’s syndrome by Dietzman 
and colleagues [7] in 1964. Two years later, 
Simpson and co-workers [24] replaced the mi- 
tral valve in a 4-year-old girl with Marfan’s 
syndrome and in gross failure due to ruptured 
chordae. Nelson and Vaughn [20] in 1968 car- 
ried out both aortic and mitral valve replace- 
ments in a patient with Marfan’s syndrome. 
They emphasized the advantages of replacing 
the defective mitral valve at the first operation 
to try to avoid a second operation for this in- 
evitably progressive disease. The mitral valve 


was replaced in only 4 of the 31 patients at the 


Mayo Clinic [6]. 

In one echocardiographic study of Marfan's 
disease, Brown and colleagues [4] found the 
existence of mitral prolapse in 9196 of the pa- 


X. 
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tients examined. They observed that the inci- 
dence of mitral prolapse was the same in adults 
and children of the same sex and deduced that 
the mitral prolapse did not seem to increase 
with age and produce mitral incompetence. In 
our series of patients who underwent operation 
for Marfan's syndrome, the mitral valve was 
never replaced in spite of cineangiographic and 
echocardiographic evidence of prolapse of one 
or both leaflets in more than 2096 of the patients 
studied. Modest clinical mitral incompetence 
was present in only 1 patient and was not cor- 
rected. The regurgitant mitral murmur has be- 
come increasingly obvious in the 3 following 
years but the regurgitation is tolerated well. 

In conclusion, because the natura] history of 
these patients offers a grave prognosis and 
since recent surgical results are acceptable, it 
now seems justifiable to offer surgical treatment 
in the management of patients with Marfan's 
syndrome. 
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Acute Hemodynamic Alterations 
after Mitral Valve Replacement with the 
Glutaraldehyde-Treated Porcine Heterograft Prosthesis 


Paul F. Hoar, Ph.D., M.D., Avijit Mookerjee, M.D., J. Gilbert Stone, M.D., 
Anthony E. Wicks, M.D., and James R. Malm, M.D., 
with the technical assistance of Michael B. Mirsky, M.S. 


ABSTRACT Perioperative hemodynamic changes 
following mitral valve replacement using the 
porcine heterograft prosthesis weré measured in 21 
patients with acquired mitral valve disease. 
Preoperatively, a state of compensatory cardiac fail- 
ure was suggested by the following: an increased 
heart rate (HR) (96 beats per minute); low cardiac 
and stroke volume (SVI) indices (2.3 + 0.10 L/min/m? 
and 25 + 2 ml/beat/m?); and increased systemic vas- 
cular resistance (SVR) (1,626 + 116 dyne sec cm“). 
Both the mean pulmonary artery (PAP) and pulmo- 
nary capillary wedge pressures (PCWP) were ele- 
vated as well (32 + 3 and 22 + 2 torr). Immediate 
hemodynamic improvement followed valve re- 
placement. HR, SVR, PAP, and PCWP all decreased 
significantly. Twenty-four hours after valve re- 
placement, PAP (23 + 1 torr) and PCWP (13 + 1 torr) 
demonstrated marked declines, SVR was reduced by 
one-third (1,173 + 87 dyne sec cm 9), HR had de- 
creased by 10 beats per minute, and SVI had in- 
creased to 30 + 2 ml/beat/m?. The prompt circulatory 
improvement of patients soon after mitral valve re- 
placement using the porcine heterograft compares 
favorably with studies in which other valve types 
were employed and in which postoperative car- 
diovascular depression was encountered frequently. 


The ideal cardiac valvular prosthesis has yet to 
emerge despite the numerous modifications in 
prosthetic valve design that have followed since 
successful replacement of a mitral valve in 
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1960 [3]. In recent years, the glutaraldehyde- 
preserved porcine heterograft prosthesis has 
been employed with increasing frequency be- 


.cause characteristics of this valve seem to- 


satisfy many of the criteria listed by Harken and 
co-workers [18] as important for such prosthetic 
devices. These include a low: incidence of 
thrombogenicity and long-term structural in- 
tegrity following placement [7, 16, 34, 39], a low 
profile provided by the flexible polypropylene 
stent used to support the valve, and both 
physiological central flow patterns and small 
transvalvular pressure gradients [20, 25, 28]. 

Late hemodynamic changes occurring in pa- 
tients who have undergone mitral valve re- 
placement with the porcine heterograft demon- 
strate a level of improvement that is comparable 
to those reported for other prosthetic valves [5]. 
However, the acute hemodynamic response of 
patients following mitral valve replacement 
with the porcine prosthesis remains undefined. 
This is of special interest because studies 
evaluating hemodynamic changes immediately 
after mitral valve replacement with caged ball 
and discoid prostheses have not shown any 
consistent reversal of preoperative cardiovas- 
cular impairment in patients (improvement in 
myocardial pump function and reduction of 
pulmonary artery pressures) during the critical 
postoperative period [1, 6, 10, 12, 26, 27, 29, 36, 
38]. 

The purpose of the present study was to mea- 
sure the acute hemodynamic response of pa- 
tients with acquired mitral valve disease to 
valve replacement with the porcine heterograft 
prosthesis and to document the immediate cir- 
culatory benefits conferred by this prosthesis 


following insertion. A demonstration of acutely. | 


improved cardiovascular function would 
strengthen support for continued employment 


i 


4d 
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of this prosthesis for mitral valve replacement 
given the other advantages associated with the 
use of the valve. 


Material and Methods ` 

Twenty-one patients (6 men and 15 women) 
ranging from 23 to 70 years old (mean age, 53 
years) with acquired mitral valve disease were 
studied. Twelve had histories of acute rheu- 
matic fever with subsequent rheumatic heart 
disease, and 2 had dysfunction secondary to 
papillary muscle injury. No clear cause was 
determined for the remaining 7 patients. All 
had been treated with digitalis and diuretics 
prior to surgical repair of the valvular heart dis- 
ease. Mitral regurgitation was the predominant 
lesion in 7 patients, and stenosis predomi- 
nated in the other 14. Seven of the patients 
with stenosis had undergone mitral commis- 
surotomy. Twenty patients underwent mitral 
valve replacement with the Reis-Hancock 
prosthesis (Hancock model 342) while 1 patient 
had a Carpentier-Edwards tricuspid ring placed 
in addition. Associated valvular lesions in 9 
patients were deemed to be of no hemodynamic 
importance and were left uncorrected. Two pa- 
tients had concurrent saphenous vein aor- 
tocoronary bypass operation. All patients gave 
informed consent for the monitoring and re- 
cording of hemodynamic data. 

Patients were premedicated with morphine 
sulfate, 5 to 10 mg, and scopolamine, 0.2 to 
0.5 mg, administered intramuscularly. This 
medication occasionally was supplemented 
with sedative-hypnotics 30 to 60 minutes prior 
to operation. A seven lead electrocardiogram 
was monitored continuously, and a 20-gauge 
radial artery cannula was placed percutane- 
ously to monitor systemic arterial pressure. 
A  Swan-Ganz  tripledumen  flow-directed 
thermodilution catheter (no. 93A-118-7F) was 
inserted through the right internal jugular vein 
and advanced into the pulmonary artery. After 
instrumentation, when the patients were noted 
to be resting comfortably, a control hemo- 
dynamic profile consisting of heart rate (HR) 
and systemic arterial (SAP), right atrial 
(CVP), pulmonary atery (PAP), and pulmonary 
capillary wedge (PCWP) pressures was re- 
corded on a four-channel thermal-tipped chart 


recorder (Hewlett-Packard models 7754A and 
7758A). Three or more cardiac output determi- 
nations were made with a thermodilution car- 
diac output computer. Standard formulas were 
used to calculate cardiac index (CI) and stroke 
volume index (SVI) and systemic (SVR) and 
pulmonary (PVR) vascular resistances. 
Anesthesia was induced with intravenously 
administered morphine, 0.5 to 1 mg per kilo- 
gram of body weight, and diazepam, 5 to 50 
mg, and was maintained with 5096 nitrous 
oxide in oxygen intermittently supplemented 
with halothane, 0.1 to 0.2596. The heart and 
great vessels were exposed through a midline 
sternotomy, heparin (90 mg per square meter of 
body surface) was administered, and car- 
diopulmonary bypass was instituted with can- 
nulas placed in the superior and inferior venae 
cavae through the right atrial appendage and 
returned to the aortic arch. An adult Bentley 
oxygenator and cardiotomy reservoir, primed 
with 1,400 ml of crystalloid and 50 mg of a 25% 
solution of salt poor albumin for each 100 ml of 
clear fluids, was used. Flow was maintained at 
2.5 Limin/m*. Body temperature was lowered to 


. 28C, and hypothermic cardiac arrest was in- 


duced after application of the aortic cross- 
clamp. The average total bypass time was 111 
minutes, and the average aortic cross-clamp 
time was 60 minutes. After completion of car- 
diopulmonary bypass and following the return 
of hemodynamic stability, the sternum was ap- 
proximated and the measurements described 
earlier were repeated. These measurements 
were obtained again in the recovery room and 
on the first and second postoperative days. 

We applied a one-way analysis of variance to 
all data [33] and accepted as significant p « 
0.05. 


Results 

Cardiac catheterization, performed one to three 
months prior to operation, documented pul- 
monary hypertension. Systolic PAP ranged 
from 31 to 90 torr and in 15 patients exceeded 50 
torr. Mean PAP (38 torr), PCWP (25 torr), and 
right ventricular filling pressures (8.3 torr) all 
were elevated. Both CI (2.47 L/min/m?) and SVI 
(31 ml/beat/min) were below normal values [14]. 
While tachycardia (HR, 85 beats per minute) 
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Hemodynamic Profile before and after Mitral Valve Replacement 


with the Porcine Heterograft Prosthesis®» 


Chest Recovery Postop Postop 

Preop Closed Room Day 1 Day 2 
Measurements (N = 21) (N = 19) (N = 20) (N = 20) (N = 17) 
HR (beat/min) 96 + 6 91 £ 5 86 + 5° 83 + 3° 8 + 3 
SAP (torr) 80 + 3 73 SEE 75 + 2? of- x 2* 64 + 2° 
CVP (torr) 7 wc A IL dm. 1* 9 + J 10 + 1° 9. cee 
PAP (torr) 92. SE 3 28 t 2* 26 Æ 2 29 e I 24 + 2° 
PCWP (torr) 22. ux 2 18 + 18 15. X 2° ig t 1? 19. d 2* 
CI (Limin/m?) 2.30+ 0.10 2.44 X 0.10 2.41 t 0.10 2.50: 0.10 2.46 * 0.10 
SVI (ml/beat/m?) 25 2 2 27 x2 27 + 2 30 + 2° 29 + 2 
SVR (dyne sec cm ?) 1,626 +116 1317 +9 1410 + 102° 13173 + 87° 1,119 i77 
PVR (dyne sec cm”) 241 + 44 229 +33 247 + 32 198 +22 213 +28 


2? Values are mean + standard error. 


Statistical analysis by one-way analysis of variance with repeated measurements at each treatment level. 


ep < 0.05 when compared to preoperative values. 


HR = heart rate; SAP = systemic arterial pressure; CVP = right atrial pressure; PAP = pulmonary artery pressure; 
PCWP = pulmonary capillary wedge pressure; CI = cardiac index; SVI = stroke volume index; SVR = systemic vascular 


resistance; PVR = pulmonary vascular resistance. 


was not evident, atrial arrythmias, usually fi- 
brillation, were common findings. 

Despite vigorous preoperative medical ther- 
apy, most of our patients at operation had 
. manifestations of further hemodynamic de- 
terioration. Pulmonary hypertension, myocar- 
dial failure, and atrial fibrillation with a rapid 
ventricular response (96 beats per minute) were 
observed. Although CI (2.30 L/min/m?) and SVI 
(25 + 2 ml/beat/min) were low, SAP (80 torr) 
was well maintained, but at the expense of in- 
crease in SVR (1,626 + 116 dyne sec cm") [14]. 
CVP was not markedly elevated (Table). 

Following valve replacement, HR decreased 
to 85 beats per minute. Fourteen patients ex- 
hibited atrial arrhythmias preoperatively, ànd 
these arrhythmias persisted throughout the 
postoperative period in 10 individuals. Ven- 
tricular pacing was in effect after bypass and in 
the recovery room in 4 patients, but by the sec- 
ond postoperative day ventricular pacing was 
required in only 2 of them. | 

Significant decreases in SAP, PAP, and 
PCWP accompanied the decline in HR during 
the first 48 hours following valve replacement, 
while CVP was maintained at about 10 torr by 
fluid replacement (see Table). By the second 
postoperative day, SAP decreased to 64 torr 
while PAP and PCWP dropped to 24 and 13 


torr, respectively. Substantial decreases in SVR 
were noted soon after valve replacement, and 
by the second postoperative day, it was re- 
duced by nearly a third (1,626 + 116 to 1,119 + 
77 dyne sec cm ?). Modest improvements in 
cardiac pump function were noted by the first 
postoperative day when SVI attained statisti- 
cally significant gains compared with preoper- - 
ative values. It increased to 30 + 2 ml/beat/m* 
(see Table). The decreases in rate, pressures, 
and resistance and increases in stroke volume 
occurred despite the fact that nearly two-thirds 
of the patients were receiving no inotropic sup- 
port by the end of the postoperative study pe- 
riod. Five patients received minimal infusions 
of dopamine, 1 to 5 w/kg/min, during this time. 
Only 2 patients required more support. 


Comment | 
The results of this study demonstrate immedi- 


ate hemodynamic improvement in patients 


who underwent mitral valve replacement with 
the Reis-Hancock porcine heterograft prosthe- 
sis. This response occurred despite the fact that 
all but 2 individuals were receiving little or no 
inotropic drug support in the 48-hour study pe- 
riod after operation. Although the evolution of 
improved anesthetic, surgical, and cardiopul- 
monary bypass techniques employed in the 
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management of these patients cannot be dis- 
counted as factors contributing to the beneficial 
response [1, 26, 29, 38], these results compare 
quite favorably with previous studies in which 
other types of prosthetic mitral valves were in- 
serted and in which postoperative cardiovas- 
cular depression requiring supportive mea- 
sures was frequently encountered [1, 6, 29, 38]. 

The preoperative hemodynamic profile ex- 
hibited by our patients was representative of 
populations with mitral valve disease [6, 10, 
38]. Their circulatory status had deteriorated 
somewhat during the intervening months be- 
tween catheterization and valve replacements. 
However, these changes may be due as much to 
therapy directed at alleviation of congestion as 
progression of disease [30]. Our patients re- 
ceived vigorous diuretic therapy, and many had 
limitations, including periods of bed rest, 
placed on activity, so that few complained of 
dyspnea. This vigorous therapy provides 
comfort at the cost of a constricted blood vol- 
ume [17, 30]. The normal preoperative arterial 
pressure reflects both the relative decrease in 
intravascular volume and the increased vascular 
resistance and thus is anything but physiolog- 
ical [9, 17, 30, 35]. Compared with catheteriza- 
tion measurements, PAP was lower, HR was 
increased, and both CI and SVI were decreased; 
all of these results can be explained also on the 
basis of treatment administered between the two 
measurement periods [35]. 

The preoperative hemodynamic profile in- 
cluding tachycardia and increased vascular re- 
sistance also may indicate a state of heightened 
sympathetic activity. Increased levels of cir- 
culating catecholamines have been measured 
in patients with congestive heart failure [23, 37]. 
Animal studies have demonstrated that stimu- 
lation of neural regulatory “stretch” receptors at 
the pulmonary vein-left atrial junction and in 
the left atrium proper result in a discharge of 
adrenergic efferent impulses [8, 11, 13, 15, 24]. 
The existence of increased sympathetic tone 
coupled with long-term diuretic therapy could 
easily explain the preoperative hemodynamic 
state exhibited by our patients. 

Decreases in HR, SAP, SVR, PCWP, and PAP 
were apparent in the operating room and con- 


tinted to decline through the postoperative pe- 
rioc (see Table). Reduced distention of the left 
atrium and pulmonary vasculature after valve 
replacement would tend to diminish adrenergic 
activity while volume loading to a CVP of 10 
torr should enhance circulatory performance. 
Bota mechanisms would contribute to the im- 
proved postoperative hemodynamic status of 
these patients [9, 13, 24, 35]. 

Although pulmonary and systemic pressures 
ma7 decrease following mitral valve replace- 
meat, cardiac pump function has not been 
shown to consistently improve. Increases in CI 
have been noted when decreases in PVR have 
occarred [10, 26] but not when PVR remained 
unchanged after valve replacement [1, 6, 27, 29, 
38]. In our patients, significant increases in 
SVI occurred postoperatively although the 
small reduction in mean PVR did not reach 
levels that were of significance. However, this 
result should be considered in the context of the 
large range of preoperative PVR in our patients, 
refiecting a population with varying degrees of 
pulmonary hypertension. Of 7 patients with 
ma-ked elevations in PVR (400 to 800 dyne sec 
cm ?), 6 had substantial, postoperative reduc- 
tions in PVR (of 100 to 400 dyne sec cm ?) while 
PVR remained high (580 dyne sec cm?) in 1 
patient. This patient died on the first post- 
operative day with multiple arrhythmias and in 
a terminal low output state (CI, 1.60 L/min/m?). 
It v;as the only death in the present investiga- 
tion. 

The etiology of pulmonary hypertension in 
patients with mitral valve disease is uncertain 
but a high left atrial pressure due either to vol- 
ume or pressure overload may produce con- 
striction of small pulmonary arteries [21, 32]. | 
Increased PVR imposes a heightened work load 
on the right ventricle, which functions poorly 
in a high-pressure system [6], and the ensuing 
rigat ventricular dilatation results in derange- 
ment of left ventricular function by affecting 
sertal wall motion [22]. The functional interde- 
pendence of the ventricles provides the primary 
explanation for the reduced biventricular per- 
formance in either mitral stenosis or insuffi- 
cieacy [22, 31]. In addition, the persistent left 
ventricular systolic volume overload of mitral 
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regurgitation impairs left ventricular perfor- 
mance [4] while mitral stenosis may immobilize 
portions of the left ventricle by the formation of 
a rigid mitral valve complex secondary to 
long-term disease [19]. 

Ventricular failure can recur after valve re- 
placement. Although the cause is not always 
clear, the irreversible effects of dilatation, 
hypertrophy, and intrinsic myocardial disease 
secondary to long-term mitral valve dysfunc- 


tion are usually implicated when surgical injury 


or prosthetic dysfunction have been ruled out 
[4]. Earlier operative intervention has been ad- 
vocated to avoid the permanent hemodynamic 
and myocardial deterioration that can occur 
when operation is postponed [2, 6]. Yet it has 
been deemed appropriate to wait until major 
symptoms are present before advising opera- 
tion because the problems associated with 
other valve prostheses (including thromboem- 
bolism, ball variance, thrombosed poppets, 
cloth tear and fragmentation, outflow obstruc- 
tion, and the need for and problems associated 
with anticoagulation) have outweighed the 
hemodynamic benefits of early operation [4]. 
This study provides evidence of overall 
hemodynamic improvement in patients with 
varying degrees of cardiovascular impairment 
immediately aftér mitral valve replacement 
with the porcine heterograft prosthesis. If the 
structural integrity of this device over a pro- 
longed period of time is proved and if throm- 
boembolic phenomena remain low without 
anticoagulation, a reassessment of the criteria 
used by physicians to advise patients regarding 
mitral valve replacement should be in order [20, 
25, 28, 34]. 
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Combined Valve and Coronary Artery Surgery 


B. George Wisoff, M.D., Rita Fogel, R.N., Daniel Weisz, M.D., 
Julius Garvey, M.D., and Robert Hamby, M.D. 


ABSTRACT From 1970 to 1978, 79 patients (Group 
1) underwent combined valve replacement and coro- 
nary bypass operation. They were compared with 79 
. consecutive subsequent patients (Group 2) under- 
going similar valve replacement. In Group .1, 73% 
were men compared with 48% in Group 2. The aver- 
age age in Group 1 was 60 years (range, 42 to 84 
years) and in Group 2, 57 years (range, 29 to 74 
years). When the patients were first seen, angina was 
present in 49% in Group 1 and only 24% in Group 2. 
More than 95% of the patients in both groups were 
in New York Heart Association Functional Class III 
or IV. Areas of abnormal contraction were twice as 
frequent in the angiograms of patients in Group 1 
(43%). Thirty-three mitral, 44 aortic, and 2 aortic 
plus mitral valve replacements were performed in 


each group. One to 4 grafts were placed in each pa- - 


tient in Group 1, and most had single or double 
grafts. Early morbidity was more frequent in Group 
1. Early mortality was 5 to 6% in each group. Late 
mortality (average, 3.5 years after operation) was 16 
to 1796 in each group. The working status and Func- 
tional Classification at follow-up were similar for 
patients in both groups. Combined valve and coro- 
nary operation carried a similar operative risk and 
had similar late results as valve replacement alone. 


Coronary atherosclerosis is a frequent finding 
in patients undergoing cardiac catheterization 
for evaluation of operable valve disease. Clinical 
presentation may be deceptive; coronary an- 
giography is required to demonstrate the fre- 
quent presence of obstructive coronary lesions 
[5, 6]. The benefit of bypass grafting in patients 
requiring valve operation could be demon- 
strated by improved quality of life or increased 
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survival in matched series of patients having 
valve replacement with and without bypass 
grafts. This type of matched series has not been 
performed and would be difficult to obtain at - 
this time. If it could be demonstrated in pa- 
tients without severe coronary artery disease 
that combining the valve and coronary proce- 
dures neither increases the risk of operation nor 
decreases late survival compared with valve re- 
placement alone, this would suggest that 
bypass grafting could be carried out with rela- 
tive safety in patients with both coronary artery 
and valve disease. Here we review our experi- 
ence with a consecutive series of patients un- 
dergoing combined valve replacement and 
coronary bypass operation and compare this 
group with a group of patients undergoing only 
valve operation. 


Materials and Methods 
From 1970 to 1978, 79 patients (Group 1) 
underwent combined valve replacement and 
coronary bypass operation. They were com- 
pared with the 79 consecutive subsequent pa- 
tients (Group 2) in the series who required 
valve replacement but no bypass operation 
during those years. Clinical data for the two 
groups of patients are shown in Table 1. 
Ninety-seven percent of the patients in Group 1 . 
and 99% in Group 2 were in New York Heart 
Association Functional Class III or IV. 
Complete right and left heart catheterization 
and left ventricular and selective coronary an- 
giography were performed in most patients. 
Four patients in Group 2 underwent no 
catheterization because of severe congestive 
heart failure due to aortic valve disease (2 pa- 
tients), ruptured mitral papillary muscle (1), or 
ruptured chordae (1). Catheterization did not 
include selective coronary angiography in 2 pa- 
tients in Group 2: 1 had cardiac tamponade in 
the laboratory and the other had severe pulmo- 
nary edema following left ventriculography. 
Five patients in Group 2 had coronary obstruc- 
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Table 1. Comparison of the Clinical History 
between the Two Groups of Patients 


Variable Group 1 Group 2 
No. of patients 79 79 
Men/women 5821 38/41 
Percent men 73 48 
Age (yr) 60 (42—84) 57 (29-74) 
Hypertension 15 (1996) 10 (1396) 
Angina 39 (4996) 19 (2496) 
Dyspnea 61 (7796) 65 (82%) 
Syncope 20 (2596) 9 (1196) 
MVR 3 2 
MVR -- AVR 1 0 
AVR 16 7 


MVR = mitral valve replacement; AVR = aortic value re- 
placement. 


tions: 2 had 50 to 70% obstruction of the 
circumflex coronary artery; 1 had no runoff in a 
blocked circumflex branch; and 2 with previous 
inferior myocardial infarctions had 50 to 70% 
obstruction of the right coronary artery. Num- 
bers of patients with areas of abnormal con- 
traction, elevated left ventricular end-diastolic 
pressures (patients undergoing aortic valve re- 
placement), and recorded elevated mean pul- 
monary artery pressures are compared in Table 
2: 

In both groups, mitral valve replacement was 
carried out in 33 patients, aortic valve replace- 
ment in 44, and both aortic and mitral valve re- 
placement in 2 patients. In Group 1, 1 to 4 re- 
versed saphenous vein grafts were used. Single 
grafts were placed in 48 patients (61%), 2 in 25 
(32%), and 3 or more in 6 (7%). 

Mild systemic hypothermia (32°C) and inter- 
mittent aortic occlusion were used almost ex- 


Table 3. Causes of Early and Late Morbidity 
in the Two Groups of Patients 


Cause Group 1 Group 2 
Stroke 7 2 
Angina 3 0 
Valve leak 3 0 
Pulmonary embolism 2 0 
Arterial embolism 2 0 
Congestive heart failure 2 2 
Hepatitis 3 0 
Syncope 0 1 
Hematuria : 1 1 
Subacute bacterial endocar- 1 0 
ditis 
M~ocardial infarction 1 1 
Claudication 1 2 
Hemorrhage, early 1 0 
Pazemaker 1 1 
Gastrointestinal bleed, late 1 0 
Aremia 1 2 


clusively. Distal coronary anastomoses usually 
were done before mitral valve implantation to 
avoid retraction against the rigid prosthetic 
ring. 

Operative mortality was defined as any death 
that occurred during hospitalization or within 
30 days of operation. Follow-up averaged 3.5 - 
yezrs, and late assessment included mortality or 
cardiovascular-related morbidity. 


Results 

Marbidity, both early and late (Table 3), was 
moze common in the patients who had under- 
gore combined valve replacement and coronary 
bypass operation. Early and late mortality 
(Ta»le 4) was similar in both groups. Of the 4 


Table 2. Comparison of the Catheterization Findings between the Two Groups of Patients 


Finding Group 1 
Abnormal contraction 34 
Elevated LVEDP? 32/37 
Elevated mean PA pressure 
30—60 mm Hg 19/31 
60-90 mm Hg 8/31 
90+ mm Hg 1/31 


“Measured in patients undergoing aortic valve replacement. 


Percent Group 2 Percent 
43 20 25 
36 29/37 78 
61 12/30 40 
26 9/30 30 
3 0 | 


LVEDP = left ventricular end-diastolic pressure; PA = pulmonary artery. 
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Table 4. Operative and Late Mortality 
in the Two Groups of Patients 


Mortality  Group1 Percent Group2 Percent 


Operative 4/79 5 5/79 6 
Aortic 3 7 4 9 
Mitral 1 3 1 3 

Late 13/75 17 12/74 16 
Aortic á ts 5 
Mitral 8 e 6 
Double 1 TT 1 


*Follow-up averages 3.5 years. 
"Late at 18 months (7 to 28 months) in Group 1 and 23 
months (1 to 60 months) in Group 2. 


early deaths in Group 1, 2 patients died early of 
postoperative heart failure, presumably with 
myocardial infarction. In 2, the direct cause of 
death was operative bleeding. In 1 of these 2 
patients, a rupture at the mitral implant site oc- 
curred during retraction to expose the heart for 
a distal coronary anastomosis. The 5 early 
deaths in Group 2 included 2 patients with 
heart pump failure, 1 of whom was comatose 
before operation, 1 patient who died suddenly 
on the date of discharge, 1 who experienced 
bleeding, and 1 with preoperative and post- 
operative bacterial endocarditis. 

Late mortality (25 patients) was due to emboli 
in 4 patients, sepsis in 2, congestive failure in 2 
(both in Group 1), and multiple sclerosis in 2. 
Two patients died following repeat valve oper- 


Table 6. Status of the Survivors in Both 
Groups at 3.5 Years after Operation 


Status of Group Group 
Patients 1 Percent 2 Percent 
Surviving 62 78 62 78 
Working 12 19 13 21 
NYHA Class 
I 38 61 40 64 
H 23 37 20 32 
III 1 2 0 0 
IV 0 0 2 3 


NYHA = New York Heart Association. 


ation. The other late deaths were either sudden 
(2) or of unknown cause. 

Comparison between age and survival (Table 
5) showed a decreased survival in patients with 
coronary artery disease who were more than 60 
years old compared with those less than 60 
years old. The improvement:in. NYHA Func- 
tional Class and the working. status of survivors 
are shown in Table 6. | 


Comment 


Earlier studies of simultaneous valve replace- 


ment and coronary bypass operation demon- 
strated a higher risk for the combined proce- 
dure [2, 3, 8], but more recent experience has 
shown an improved survival that approaches 
that for valve operation alone [1, 7, 9]. The pres- 


Table 5. Comparison between Age and Survival in Patients 


Undergoing Aortic or Mitral Valve Replacement 


Group Group 1 
Aortic valve replacement 
Average age 59.5 yr 
Survival 37/44 
Under 60 yr 19/21 
Over 60 yr 18/23 
Mitral valve replacement 
Average age 61 yr 
Survival 24/33 
Under 60 yr 13/15 
Over 60 yr 11/18 
Both groups 
Average age 60 yr 
Survival. 62/79 
Under 60 yr 32/37 


Over 60 yr 30/42 


Percent Group 2 Percent 
57.5 yr 

84 35/44 . 80 

90 19/25 76 

78 16/19 84 
56.5 yr 

73 26/33 79 

87 16/20 80 

61 10/13 77 
57 yr 

78 62/79 78 

86 . 36/46 78 

71 26/33 | 79 





p 


~} 
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ent study confirms the relative safety of com- 


bined coronary bypass and valve replacement ` 


compared with valve replacement alone. For 
both groups, the time frame was the same, the 
techniques were similar, and the same sur- 
geons participated. The average age was older 
in Group 1 compared with Group 2 (60 versus 
57 years, respectively), and the sex ratio was 
different (73% men versus 48%, respectively). 
The clinical catheterization findings were not 
significantly different between the groups ex- 
cept for the presence or absence of operable 
coronary artery disease. 

There was a relative predominance of single- 
and double-vessel grafts performed. In our ex- 
perience, this is in sharp contradistinction to 
the usual 2.7 grafts per patient in those under- 
going coronary grafting alone. Part of this dif- 
ference may be due to the inability to perform 
adequate circumflex coronary artery bypasses 
on patients with large left ventricles and small 
circumflex branches. Those patients with right 
coronary artery disease and posterior papillary 
dysfunction or rupture or both of these condi- 
tions usually did not have adequate distal right 
or posterior descending vessels for grafting. 
Most patients with coronary artery and valve 
disease and angina had had a short history of 
angina. This suggests less extensive coronary 
disease, although, as described by Lacy and 
colleagues [6] and as seen in Table 2, the pres- 
ence of angina was a poor predictor of coronary 
artery disease. As noted by Hancock [5], and 
supported by Hamby and associates [4], in- 
creasing age combined with angina was the 
best predictor of coronary artery disease in pa- 
tients with valvular heart disease. 

Angina was present in only 49% of patients 
with marked coronary artery disease. This may 
be due to the decreased activity of patients with 
valvular heart disease or to the presence of con- 
gestive heart failure, as described by Hancock 
[5]. 

The methods of myocardial preservation used 
in these two groups of patients were similar to 
those described by Loop and co-workers [7]. 
The early deaths from pump failure were the 
only ones possibly due to poor myocardial 
preservation, though 1 of these patients had di- 
rect coronary perfusion and graft perfusion 
during aortic valve replacement. The results of 


Richardson and associates [9] suggest that 
hypothermia and cardioplegia be used to im- 
prove results in this group of patients. 

Morbidity was higher among the patients 
with major coronary atherosclerosis. Some 
p-oblems were evidently due to systemic ather- 
osclerosis, though systemic clot embolization 
may have been the cause of some problems as- 
cribed to atherosclerosis. The low rate of pa- 
tients returning to work was probably related to 
their age. 

The present safety of coronary angiography 
ard the results just discussed suggest that coro- 
nery evaluation be done in all adult patients un- 
der consideration for valve operation. Combined 
coconary bypass and valve replacement should 
be done when the distal coronary bed of an 
oEstructed artery is of adequate size, is avail- 
able for grafting, and is supplying viable heart 
muscle. 
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Application of Multivariate Analysis 
to the Enzyme Patterns in the Serum of Patients 
Undergoing Coronary Artery Operation 


L. Dieter Voegele, M.D., Alan J. Gross, Ph.D., 
William H. Prioleau, Jr., M.D., and Peter Hairston, M.D. 


ABSTRACT Serial determinations of serum glu- 
tamic oxaloacetic transaminase, lactic dehydroge- 
nase, and creatine phosphokinase were performed 
in 50 consecutive patients undergoing cardiac opera- 
tion for coronary artery bypass or combined valve 
replacement and coronary artery bypass. Thirty- 
seven patients (74%) who demonstrated minimal or 
no changes on the electrocardiogram manifested a 
recognizable pattern of distribution of the enzyme 
sequences. The pattern of these patients served as 
controls for the detection of abnormal patterns. All 
other patients were grouped together, regardless of 
clinical behavior. Perioperative myocardial infarc- 
tion was established in 5 patients (1096) and resulted 
in 1 death. The purpose of this study was to apply 
discriminant analysis to two clinically determined 
patient groups in order to ascertain whether the three 
enzyme readings can be used to classify patients into 
their respective groups. The results suggest that en- 
zyme profiles reflect degrees of myocardial damage 
. that can serve to identify clinical infarction. 


Coronary artery bypass operations have added 
a major dimension to the treatment of ischemic 
heart disease within the last decade. Despite a 
decreasing operative mortality, one of the cru- 
cial questions that remains concerning coronary 
bypass grafting is the frequency and clinical 
importance of perioperative myocardial infarc- 
tion. The precise meaning of this event in rela- 
: tion to the bypassed vessels still needs to be 


established, particularly since intraoperative | 


injury not associated with occluded grafts may 
not prejudice angina status, long-term survival, 
. graft patency, or ventricular function [4]. 
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The diagnosis of perioperative myocardial 
infarction is hotly debated, and the reported in- 
cidence ranges from 2 to 58% [14, 16]. Many 
factors are involved in this wide variation and 
include different techniques of myocardial 
preservation, patient selection for operation, 
and criteria for defining perioperative myocar- 
dial infarction. In addition, establishing the 
diagnosis in the operative setting is difficult. 
Not infrequently there are transient’ bundle- 
branch phenomena or S-T segment and T wave 
changes. QRS changes are relatively insensitive 
indicators of myocardial infarction since about 
30% of patients with infarction proved post- 
mortem did not show QRS changes [11]. Fi- 
nally, even the occurrence of some injury may 
not quantitatively correlate with clinically im-. 
portant damage [2, 3, 6, 15]. These points 
emphasize the need for enzyme analysis to 
increase the capability for diagnosing and 
categorizing perioperative infarction. The re- 
sults of the present study helped to establish 
that enzyme readings have a role in classifying 
patients into injury and no-injury groups. 


Material and Methods 
Fifty consecutive patients undergoing coronary 

artery bypass or combined valve replacement - 
and coronary artery bypass were studied. There 
were 45 men and 5 women. The primary indi- 
cations for operation were chronic stable angina 
in 16 patients, including postinfarction angina, 
and unstable angina syndromes in 34 patients. 
Clinical subgroups were as follows: Twenty- 
four patients had previously sustained doc- 
umented myocardial infarctions. Twenty-one 


patients had severely abnormal ventricular 


function (ejection fraction less than 3096). One 
patient had an ostial lesion of the left main 
coronary artery. Thirty-one patients demon- 
strated preoperative abnormal electrocardio- 
grams. 


444  0003-4975/80/050444-07$01.25 © 1979 by L. Dieter Voegele 


445 Voegele et al: Multivariate Analysis in Enzyme Patterrs 


The operative technique consisted of total 
cardiopulmonary bypass, ventricular venting 
through the right pulmonary artery, mild core 
cooling (28'C), cold potassium cardioplegic 
arrest, and topical hypothermia in a pericar- 
dial well fashion to maintain cardiac elec- 
tromechanical quiescence and to sustain pro- 
found cardiac hypothermia in the range of 12? 
to 18'C septal temperature (monitored by a 
needle thermistor probe in the septum). All pa- 
tents in the series received saphenous vein 
bypass grafts. There were two bypasses com- 
bined with valve replacement. Proximal aor- 
tocoronary anastomoses were done first before 
the institution of total cardiopulmonary bypass. 
An average of 3.5 grafts per patient were per- 
formed in both study groups. Other variables of 
technique such as dissection of coronary ar- 
teries for exposure, manipulation of the heart, 
or electrical defibrillation were equally and 
universally represented in the two groups. 
Furthermore, the roles of these variables in en- 
zyme changes are not clearly understood [15]. 

Aortic cross-clamp time averaged 92 minutes 
(82 minutes in the no-injury group; 103 minutes 
in the injury group). Sixteen patients under- 
went endarterectomy as well as coronary artery 
bypass grafting, and there were 8 patients in 
each group. Following the release of the cross- 
clamp, the heart was allowed to beat in an 
empty, vented configuration [9]. 

Twelve-lead electrocardiograms were re- 
corded on each patient preoperatively and 
postoperatively at 1 hour, 12 hours, and 36 
hours. Further electrocardiograms were taken 
as required by the patient's clinical status. 
Enzyme determinations of serum glutamic 
oxaloacetic transaminase (SGOT), lactic dehy- 
drogenase (LDH), and creatine phosphokinase 
(CPK) were performed preoperatively and at 1 
hour, 12 hours, and 36 hours postoperatively as 
well as subsequent samples depending on the 
patient’s clinical status. Preliminary classifica- 
tion of patients was based on electrocardio- 
graphic criteria and elevation of SGOT greater 
than 100 international units [12]. 

Patients demonstrating nonspecific or no 
changes on electrocardiograms and SGOT sam- 
ples less than 100 comprised the no-injury 
group (Group 1). These 37 patients manifested a 


certain pattern of distribution of all enzyme 
levels. On the other hand, early and subsequent 
sustained elevation of the enzyme profiles 
(SGOT greater than 100) corresponded with 
electrocardiographic evidence of infarction, and 
scme of these patients followed an abnormal 
clinical course (e.g., ectopic beats, arrhythmias, 
congestive failure). In addition, there was an 
in-ermediate group that followed a normal 
clinical course but had early elevation of en- 
zymes with rapid reversion to normal. The 
electrocardiogram in these patients had no new 
Q waves but persistent S-T segment and T wave 
chenges were commonly seen. The 13 patients 
with unequivocal or intermediate changes 
comprised Group 2. 


Results 
Five patients satisfied the study requirements 
for perioperative myocardial infarction by elec- 
trocardiographic tracings and markedly ele- 
vated and sustained enzymes. There was 1 
death. In 1 patient, deep, new Q waves re- 
solved to a normal tracing; nevertheless, en- 
zyme profiles substantiated a pattern com- 
patiole with myocardial injury. None of the 
patients had elevated enzymes preoperatively. 
Random enzyme samplings during induction of 
aneschesia showed no elevations of enzymes. 
All patients had some elevation, however small, 
of SGOT, LDH, and CPK postoperatively. The 
mear. enzyme values at each sampling time for 
both groups are illustrated in Tables 1 and 2. 
There is a distinct difference in the distribu- 
tion of the enzyme curves in the two groups, 
with a particularly different distribution of the 
mean values for all patients at the appointed 
time intervals. Of note is the difference in slope 
of the curves (Figs 1, 2). Since these slopes are 
based on only three points, however, no statis- 
tical analysis was attempted. In order to deter- 
mine whether the three enzyme readings are 
useful for classifying patients into their re- 
spectire groups, a discriminant analysis was 
performed that incorporated these enzyme 
readinzs [1]. The first discriminant function 
applied to the immediate postoperative read- 
ings of SGOT, LDH, and CPK. The second dis- 
criminant function was based on the read- 
ings obtained the morning after operation. A 
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Table 1. Means and Standard Errors of Nine Enzyme Readings for Patients in Group 2 


Enzyme Reading 


(IU/L) Mean Standard Error 
SGOT (postop) 57.00 12.98 
LDH (postop) 477.33 47.58 
CPK (postop) | 329.83 113.12 
SGOT (morning 1 postop) 141.31 11.10 
LDH (morning 1 postop) 637.23 51.22 
. CPK (morning 1 postop) 710.85 64.44 
SGOT (morning 2 postop) 75.18 7.97 
LDH (morning 2 postop) 557.27 29.26 
CPK (morning 2 postop) 401.58 58.16 


Sample Size 


12 
la 
12 
13 
13 
13 
11 
11 
11 


SGOT = serum glutamic oxaloacetic transaminase; LDH = lactic dehydrogenase; CPK = creatine phosphokinase. 


Table 2. Means and Standard Errors of Nine Enzyme Readings for Patients in Group 1 


Enzyme Reading 


(IU/L) Mean Standard Error 
SGOT (postop) 38.94 1.70 
LDH (postop) 412.58 15.48 
CPK (postop) 205.58 9.19 
SGOT (morning 1 postop) 44.97 2.96 
LDH (morning 1 postop) 377.26 15.42 
CPK (morning 1 postop) 293.31 9.61 
SGOT (morning 2 postop) 28.32 2.03 
LDH (morning 2 postop) 329.52 14.75 
CPK (morning 2 postop) 248.19 23.42 


ru Sample Size 


36 
36 
33 
34 
35 
36 
31 
31 
32 


SGOT = serum glutamic oxaloacetic transaminase; LDH = lactic dehydrogenase; CPK = creatine phosphokinase. 


Enzyme Reading 





O thr 12 hr 36 hr 
Time 


Fig 1. Mean enzyme readings of patients who had no 
injury after operation. (LDH = lactic dehydrogenase; 
CPK = creatine phosphokinase; SGOT = serum 
glutamic oxaloacetic transaminase.) 
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Enzyme Reading 
C 
o 
eo 


Time 


Fig 2. Mean enzyme readings of patients who had likely 
injury after operation. (LDH — lactic dehydrogenase; 
CPK = creatine phosphokinase; SGOT = serum 
glutamic oxaloacetic transaminase.) 


final discriminant function utilized the en- 
zyme readings of the second morning after 
operation. 

Because of the magnitude of the measure- 
ments (see Tables 1, 2), the natural logar- 
ithms were used in constructing discriminant 
functions. Furthermore, since there are three 
variables by which patients are classifiable 
in the study, i.e., SGOT, LDH, and CPK, a 
stepwise discriminant analysis, available from 
‘the BMDP 7M Program [8], was used to deter- 
mine whether one or more of these variables 
could be eliminated without damaging the clas- 
sification of patients. Because of the wide 
variability of the immediate postoperative 
readings, the discriminant function derived for 
it was not considered for further discussion in 
the analysis. Let X;,, Xiz, and X; be the natural 
logarithms of the SGOT, LDH, and CPK read- 
ings, respectively, obtained the morning after 
operation, and let X;,, Xəz, and Xz have similar 
definitions for the readings obtained on the 
second morning. The respective discrimi- 
nant functions are: 


Y, = —15.27 + 2.49 X,, + 0.88 Xis (1) 


and 
Ya = 


—10.05 + 2.84 X; (2) 


Teble 3. Classification of Patients 
Based on Discriminant Function 
the Morning after Operation 


Classification by 
Discriminant Function 


Injury 
Cl.nical (Intermediate No 
Classification and Unequivocal) Injury 
Injury (intermediate 13 0 
and unequivocal) 
Nc injury 2 32 
Total 15 323 


Three patients were not included in the analysis because of 
missing observations. 


To determine whether a patient is classified 
into the no-injury group, Group 1, or the injury 
group, Group 2, Y, and Y, are computed for 
each patient. That is, two discriminant func- 
tions are used. 

Ihe value of Y, for Group 1 is averaged with 
the value of Y, for Group 2 to yield a value of 
0.8. All patients whose Y, value is less than 
0.8- are classified into Group 1 by the dis- 
criminant function whereas all patients whose 
Y, value is larger than 0.84 are classified into 
Group 2 by discriminant function. Table 3 
shows the classifications and error rates based 
on the first discriminant function the morning 
after operation. | 

In this case there were no patients in the in- 
jury group who were misclassified by the dis- 
crirrinant function, and 2 out of 34 (5.996) in 
the no-injury group were classified as injured 
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Table 4. Classification. of Patients Based 
on the Discriminant Function the Second 
Morning after Operation 


Classification by 
Discriminant Function 


Injury 
Clinical (Intermediate No 
Classification and Unequivocal) Injury 
Injury (intermediate 11 0 
and unequivocal) 
No injury 4 26 
Total 15 26° 


aNine patients were not included in the analysis because of 
missing observations. 


by the discriminant function. A total of 2 out 
of 47 patients were misclassified for an overall 
error rate of 4.3%. 

The value of Y, for Group 1 is averaged with 
the value of Y, for Group 2 to give a value of 
0.69. All patients whose Y, value is less than 
0.69 are classified in Group 1 by the discrimi- 
nant function whereas all patients whose Y, 
value is larger than 0.69 are classified into 
Group 2. Table 4 shows the classifications and 
error rates based on the second discriminant 
function. | 

In this case, again there were no patients in 
the injury group who were misclassified by the 
discriminant function. Four out of 30 (13.396) in 
the no-injury group were classified as injured 
by the discriminant function. Thus a total of 4 
out.of 41 patients were misclassified for an 
overall error rate of 9.895, which is more than 
twice as large as the error rate using the dis- 
criminant function of the first morning. 

The discriminant function described by Y, is 
preferable to the one described by Y, since the 
error rate is smaller. To examine the applicabil- 
ity of this discriminant function to future stud- 
ies the jackknife classification procedure (a 
feature of BMDP 7M, the discriminant analysis 
program that was used in this study [8]) was 
applied. Basically, the jackknife procedure 
treats every computed value from the dis- 
criminant function as a “new value” while 
developing. a discriminant function and a 
classification scheme based on all the other re- 
maining values. This so-called new value is 


Table 5. Classification of Patients Based 
on the Jackknife Discriminant Function 
the First Morning after Operation 


Classification by 
Jackknife Procedure 


Injury 
Clinical (Intermediate No 
Classification and Unequivocal) Injury 
Injury (intermediate 13 0 
and unequivocal) 
No injury 3 31 
Total 16 31? 


aThree patients were not included in the analysis because of 
missing observations. 


then classified as coming from the injury or 
no-injury group on the basis of the classifica- 
tion scheme that uses all values except the new 
value. Table 5 shows the classifications and 
error rates based on the jackknife classification 
procedure and the discriminant function de- 
scribed by Y,. 

In this case there were again no patients 
in Group 2 who were misclassified by the 
jackknife classification scheme, and 3 out of 34 
(8.896) in Group 1 were classified as injured. A 
total of 3 out of 47 patients were misclassified 
for an overall error rate of 6.496. The jackknife 
classification procedure demonstrates that the 


.discriminant analysis is relatively robust in 


successfully classifying patients into the correct 
clinical group by the SGOT and CPK readings 
obtained the morning after operation. 


Comment 

The rationale for using a discriminant analysis 
is that it is a linear function of the characteris- 
tics in question (the logarithm of the enzyme 
reading) used to classify individual patients 
into one of two defined groups, namely, those 
patients who have sustained alikely myocardial 
injury as a result of operation and those who 
have not. The coefficients of this linear function 
then are chosen so that errors of misclassifying 
patients (by means of the function) into the 
wrong group are minimized. Furthermore, the 
application of a stepwise discriminant analysis 
helps to determine whether one or more of 
these variables could be eliminated without 
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damaging the classification of patients by this 
means. The most useful time interval for 
analysis turned out to be the discriminant 
function based on the enzyme readings of the 
morning following operation. To some degree, 
the discriminant function could be applied also 
to the values obtained on the second morning 
following operation. The values obtained im- 
mediately following operation had such a wide 
range of variability that they did not lend them- 
selves to application of the discriminant func- 
tion. 

When considering equations (1) and (2), it is 
noted that the LDH readings do not appear in 
either of these equations and that the CPK 
readings appear only in equation (1). This is 
because the stepwise nature of the procedure 
allows elimination of these readings without 
increasing patient misclassification error. From 
looking at Tables 3 and 4, it can be seen that the 
classification of patients based on these dis- 


criminant functions is an entirely conservative: 


appraisal and is biased toward detecting any 
suggestion of injury. Again, the discriminant 
function applied to the values on the morning 
following operation show only a total mis- 
classification of 2 out of 47 patients for an error 
rate of 4.3%, which is quite acceptable. 

The diagnosis of infarction following coro- 
nary artery operation remains difficult to de- 
fine. Electrocardiograms frequently show non- 
specific changes and in general underestimate 
myocardial necrosis [11]. Increase of serum 
enzymes is practically universal to some 
degree following coronary artery operation 
and, therefore, tends to overestimate the de- 
gree of myocardial damage [4, 7, 13]. The role 
of minimal trauma, defibrillation, pursestring 
sutures, and myotomy is not clear [15]. Opera- 
tion on coronary arteries per se raises some en- 
zyme levels, and further variabilities are added 
when ischemic areas become newly perfused 
[10]. No amount of necrosis, of course, is ac- 
ceptable, and this is particularly true in the al- 
ready“severely damaged left ventricle. Never- 
theless, there is as yet no quantitative index for 
myocardial necrosis at the time of operation [5]. 

The relative proportion between the degree 
of injury and the degree of revascularization 
determines the eventual benefit. To this end, 


ccnstant evaluation of operative technique is 
important. This clearly emphasizes the need 
for thorough enzyme analysis and perhaps ad- 
ditional diagnostic modalities, such as myo- 
cardial imaging with technetium 99m-labeled 
glacoheptonate, to increase the capability for 
diagnosing and recognizing  perioperative 
myocardial injury [14]. Recently, in addition to 
the SGOT on the morning following operation, 
we have begun to look systematically at the 
iscenzyme bands of CPK and LDH because of 
their specificity in determining myocardial ne- 
crcsis [6, 15]. In our present study, only some of 
these values were measured and, although they 
seem to parallel our findings, they were not 
adequate for statistical analysis. Our study 
corfirms that necrosis of the myocardium 
leaves a recognizable enzyme profile. The en- 
zyme profile helps to differentiate myocardial 
necrosis from cellular abnormalities, which re- 
sult in associated electrophysiological events, 
some of which may be compatible with limited 
damage. Ultimately, however, the functional 
effect on the individual patient of any damage 
is Cependent on the completeness of revas- 
cularization. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery will 
give a voluntary recertification examination in 
the fall of 1981. Diplomates interested in par- 
ticipating in this examination should maintain 
a documented list of their cardiothoracic op- 
erations performed two years prior to applica- 
tion for recertification. They should also keep a 
record of their attendance at thoracic surgical 
meetings and other continuing medical educa- 
tion activities for the two years prior to appli- 
cation for recertification. 


Some time during the summer a Recertifica- 
tion Brochure will be mailed to all diplomates 
outlining the rules and requirements estab- 
lished for recertification in thoracic surgery. 
This brochure will also contain information 
about applying for the voluntary recertification 
examination. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Rd, Detroit, MI 48205. 


The Intraaortic Balloon Pump: 
An Analysis of Five Years' Experience 


John Macoviak, M.D., Larry W. Stephenson, M.D., 
L. Henry Edmunds, ]r., M.D., Alden Harken, M.D., 


and Horace MacVaugh III, M.D. 


- ABSTRACT During a five-year period, 178 patients 
had the intraaortic balloon pump (IABP) inserted for 
circulatory support. The IABP was used most fre- 
quently as an adjunct for weaning patients from car- 
diopulmonary bypass. Seventy-seven of 103 patients 
(75%) were successfully weaned from cardiopulmo- 
nary bypass with the IABP, and 36 of them (35%) 
ultimately survived hospitalization. Other indica- 
tions for the IABP included circulatory support 
before cardiac operation (16 patients), operative 
prophylaxis in high-risk patients (13), and post- 
operative hemodynamic support (23). Additionally, 
the IABP was placed in 23 patients who did not 
undergo cardiac operation. 

The incidence of IABP-related complications was 
significantly less when the IABP was inserted 
through the ascending aorta (496) intraoperatively 
compared with the femoral or iliac artery (2596) (p < 
0.05). This was due primarily to vascular complica- 
tions and groin wound infections that occurred with 
the femoral or iliac artery approach. IABP-related 
spinal cord paralysis developed in 3 patients (1.796). 

We conclude that the IABP is an effective support 
device for treating patients with left ventricular fail- 
ure particularly when weaning them from car- 
diopulmonary bypass. However, the risk of compli- 


cations, including paraplegia, must be carefully 


weighed when use of the IABP is considered, espe- 
cially in situations in which its efficacy is less clear. 


The intraaortic balloon pump (IABP) is an im- 
portant adjunct for weaning patients with com- 
promised left ventricular function from car- 
diopulmonary bypass. It is also effective in the 
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treatment of some patients with refractory 
hypotension early after cardiac operation [4, 5, 
7. 9,11, 13, 16, 17, 22, 27, 28]. Use of the balloon 
prophylactically prior to cardiac operation for 
the treatment of unstable angina and for the 
stabilization of patients after acute myocardial 
irfarction remains controversial [10, 23, 25, 26]. 

- This report reviews our experience with pa- 
tients who had insertion of the JABP. The inci- 
dence of complications with insertion through 
tFe femoral artery versus the ascending aorta is 
compared, a method of removing the balloon 
from the ascending aorta without repeat ster- 
notomy is presented, and three cases of spinal 
ccrd paralysis related to the IABP, a complica- 
tion that may be more common than previously 
reported, are described. 


Material and Methods 

One hundred seventy-eight patients had the 
IA BP inserted at the Hospital of the University 
of Pennsylvania over a five-year period ending 
October, 1978. There were 118 men and 60 
women ranging from 27 to 78 years old (mean 
age, 57 years). The AVCO IABP system was 
used exclusively during this period. All bal- 
loons were either 30 or 40 cc in volume. Of these 
patients, 155 (8796) had the balloon placed 
perioperatively. This represents 6.5% of the 
2,589 patients who had open cardiac operations 
during this period. 

There were three principal reasons for inser- 
ticn of the [ABP in patients undergoing opera- 
ticn in our series. The most common indication 
for balloon insertion was failure to wean from 
cardiopulmonary bypass (103 patients or 58%). 
Thz balloon was placed in 23 patients (13%) in 
the immediate postoperative period because of 
hemodynamic deterioration. Thirteen patients 
(750) had the balloon placed prophylactically 
berore operation. Of this group, 5 were patients 
wizh mitral regurgitation, and 3 of these 5 were 
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70 years old or older. Five patients had left ven- 
tricular aneurysms, and 3 had stenosis of the 
left main coronary artery greater than 90%. All 
of these patients had impaired left ventricular 
function manifested by low ejection fraction. 
The IABP was inserted in 39 patients on the 
medical service, and 16 of them (9%) sub- 
sequently had cardiac operation with the bal- 
loon still in place. The other 23 (1396) had medi- 
cal treatment only. 

In the 103 patients who had the balloon in- 
serted intraoperatively, the ascending aorta was 
used in 24 and the femoral or iliac artery in 79. 
The reason for inserting the IABP through the 
ascending aorta was either because the surgeon 
preferred it or because attempted insertion 
through the femoral or iliac artery failed. 

Following IABP insertion, nonsurgical pa- 
tients received heparin, 5,000 units intrave- 
nously every 6 hours. In patients who had the 


balloon inserted at operation or immediately 


after, low dose heparin, 1,500 units subcuta- 
neously every 6 hours, was used. If chest tube 
drainage became excessive during the early 
postoperative period, heparin was discon- 
tinued. All patients received prophylactic anti- 
biotics. Weaning from the IABP preferably but 
not always followed weaning from intrave- 
nously administered catecholamines. When the 
balloon was removed, a small stump of the 
prosthetic graft was oversewn and left on the 
aortic or femoral artery. 

More recently, we have adapted the tech- 
nique of IABP removal from the ascending 
thoracic aorta suggested by Phillips and Zeff 
[24]. This technique requires that a long seg- 
ment of 12 mm prosthetic graft be left under the 
sternum and end subcutaneously, adjacent to 
the xiphoid (Figure). IABP removal is accom- 
plished by making a skin incision at the caudad 
portion of the median sternotomy using local 
anesthesia and dissecting down to the graft, 
which is usually situated about 2 cm below the 
skin. The suture, which had been used to tie 
the graft to the balloon catheter, is then cut. The 
balloon is removed, and a vascular clamp is im- 
mediately placed on the graft. Usually, an ad- 
ditional 1 or 2 cm is trimmed off the most distal 
end of the graft because of its previous proxim- 
ity to the skin edge, and the end of the graft is 
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The intraaortic balloon pump is inserted in the ascend- 
ing aorta through a long, 12 mm prosthetic graft. 


oversewn with 4-0 Prolene. This procedure is 
performed in the operating room with the 
anesthesiologist present. The patient is pre- 
pared and draped for an emergency median 
sternotomy should it be necessary. Blood is 
typed and is available. During the latter part of 
this series, 5 balloons were removed in this 
fashion without complication. We now use this 
method of balloon removal routinely when the 


balloon is placed in the aorta. 


Results 

Sixty-five (36.5%) of the 178 patients were dis- 
charged from the hospital. Age did not appear 
to affect hospital mortality until after the age of 
70 years. Forty-one of 109 patients less than 60 
years old (3896) survived; 20 of 49 patients who 
were 60 to 69 years old (4196) survived; but only 
4 of 20 patients 70 years old or older (2096) sur- 
vived hospitalization. For patients in whom 
preoperative catheterization hemodynamic 
data were available, mean value for left ven- 
tricular end-diastolic pressure was 20 mm Hg in 
both the hospital survivors and the nonsur- 
vivors. Mean preoperative left ventricular ejec- 
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Table 1. Perioperative IABP Insertion 
in 155 Patients 





Survival 

No. of 
Procedure Patients No. Percent : 
CABG 65 31 48 
AVR (+) 29 4 14 
MVR (+) 34 11 32 
LVA (x) 21 6 29 
VSD Closure 5 4 80 
Pericardiectomy 1 0 0 

Total 155 56 36 


IABP = intraaortic balloon pump; CABG = coronary artery 
bypass graft; AVR = aortic valve replacement; MVR = mi- 
tral valve replacement; LVA = left ventricular aneurys- 
mectomy; VSD = ventricular septal defect; (+) = with or 
without additional cardiac surgical procedure. 


tion fraction was also similar in the two groups, 
50% for hospital survivors and 46% for nonsur- 
vivors. Of the entire group, 25 patients were 
known to be diabetic and 8 (32%) of them sur- 
vived hospitalization. 

Of the 155 patients in whom the IABP was 
inserted perioperatively, the overall survival 
was 36%. Eight of 16 patients requiring the 
IABP for hemodynamic support before cardiac 
operation survived hospitalization. Eight of 13 
patients in whom the balloon was placed elec- 
tively for preoperative prophylaxis survived 
hospitalization. Seventy-seven of 103 patients 
(75%) who could not be weaned from cardio- 
pulmonary bypass were successfully weaned 
by insertion of the IABP, but only 36 (35%) 
survived hospitalization. Four of 23 patients 
(18%) in whom the balloon was placed for 


Table 2. IABP in 23 Medically Treated Patients. 


postoperative hemodynamic deterioration sur- 
vived hospitalization. 

The type of cardiac procedure for each of the 
155 patients in whom the IABP was placed 
during the perioperative period is shown in 
Table 1. Sixty-five patients had coronary artery 
bypass grafting (CABG), with a 48% hospital 
survival. Of these 65 patients, 23 had major 
stenosis of the left main coronary artery and 11 
(48%) were hospital survivors. 

There were no hospital survivors among the 
11 patients who had isolated aortic valve re- 
placement and the JABP. Among 18 patients 
with aortic valve replacement and additional 
procedures (excluding mitral valve replace- 
ment), there were 4 survivors. Among 34 pa- 
tients who had mitral valve replacement with or 
without additional cardiac procedures (includ- 
ing aortic valve replacement), there were 11 
hospital survivors (32%). Twenty-one patients 
had left ventricular aneurysms resected with or 
without additional operation, and 6 survived. 
Four of 5 patients who had closure of ventricu- 
lar septal defects after acute myocardial infarc- 
tion survived. 

Nine of 23 medically treated patients (39%) 
survived (Table 2). Seventeen of this group had 
acute myocardial infarction, and all had evi- 
dence of low cardiac output. Twelve experi- 
enced cardiogenic shock, and 4 survived. Two 
of the remaining 5 patients with acute myocar- 
dial infarction survived. The balloon was used 
to treat unstable angina in 4 patients who failed 
to respond to medical management. Three of 
these 4 patients survived. Two patients who re- 
ceived the IABP for septic shock died. 


Survival 
No. of 
Reason for IABP Patients No. Percent 
Acute myocardial infarction 17 
Cardiogenic shock 12 4 33 
Before shock 5 2 40 
Septic shock 2 0 0 
Unstable angina 4 3 75 
Total 23 9 39 


. IABP = intraaortic balloon pump. 
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Table 3. Major Complications Associated with IABP 





Group A? 
(N = 79) 


Complication? 





Ischemic Leg 7 
Died 
Just observed 
Vascular reconstruction 
Fasciotomy 
Amputation 
Wound infection at IABP site 
Chronic serous drainage, IABP site 
Aortic dissection 
Abdominal pain 
Only 
With gangrenous bowel 
With retroperitoneal hematoma 
Spinal cord injury 1 
Totals 
No. and percent of complications 
per group 
No. and percent of patients 
per group with complications 


QOQ NO mn 


aSome patients had more than one complication. 


79/17* (22%) 


79/15 (1996) 


Group C4 
(N = 75) 


Group B* 
(N = 24) 


17 


Coe Nor OG 
m O 0o0ooooduo 
NN Ha C A 


NOR A 


1 1 
24/2 (8%) 75/26 (35%) 


24/1 (4%) 75/23 (31%) 


"Group A = LABP inserted in femoral or iliac artery during cardiopulmonary bypass. 
‘Group B = IABP inserted in ascending aorta during cardiopulmonary bypass. 
‘Group C = IABP inserted in femoral or iliac artery before or after operation. 


Complications 

Major complications that were associated with 
or caused by the IABP are shown in Table 3. 
Patients are divided according to time of IABP 
insertion—during operation or before or after 
operation—and those who had the IABP placed 
during operation are subdivided according to 
whether the balloon was inserted through the 
ascending aorta or through a femoral or iliac 
artery. Complications after femoral or iliac in- 
sertion of the balloon were significantly (p < 
0.05) higher than after aortic insertion. 

In those patients in whom the femoral or iliac 
artery was used, the most common complica- 
tion encountered was ischemia of the ipsilat- 
eral leg. This complication developed in 24 
patients. Eight patients ultimately required vas- 
cular reconstruction after balloon removal. Two 
additional patients required amputation of the 
leg, and another patient, who died of low car- 
diac output, had a gangrenous leg. 

Abdominal problems that probably were re- 


lated to the IABP developed in 6 patients. One 
patient had a retroperitoneal hematoma, which 
was most likely related to heparin used with the 
IABP. Three other patients had gangrenous 
bowel diagnosed at laparotomy or at postmor- 
tem examination, and 2 patients experienced 
severe abdominal pain at the time the balloon 
was inserted. In both patients, the pain was un- 
relenting and subsided with IABP removal. 
Wound infections developed in 9 patients at 
the site of IABP insertion in the groin. In these 
patients, the IABP had been in place from 24 
hours to eight days with a mean duration of 89 
hours. The mean length of time IABP had been 
used in all 178 patients was 49 hours, and for 
the 65 hospital survivors the mean duration was 
67 hours. The difference in the mean duration 
of placement of the balloon for the hospital sur- 
vivors as opposed to those who had groin 
wound infections suggests that groin wound 
infections had a tendency to occur in patients 
who required the IABP for longer periods. 


-— 
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Spinal cord paralysis developed in 3 patients. 
Their cases are reported in detail because of the 
rarity and severity of this complication. 


Case Reports 

Patient 1 

A 57-year-old woman underwent resection of a 
left ventricular aneurysm. The IABP was placed 
in the right common femoral artery 8 hours 
postoperatively because of low cardiac output. 
Insertion of the IABP immediately improved 
cardiac output. She received heparin, 5,000 
units, every 6 hours. The balloon was removed 
uneventfully approximately 36 hours later in 
the operating room under local anesthesia. Sev- 
eral minutes after removal of the balloon, the 
patient complained that both legs were numb 
and that she could not move either leg. A neu- 
rological examination revealed spinal cord 
paralysis extending caudally from the fifth 
thoracic cord level. An aortogram revealed no 
evidence of aortic dissection. The distal aorta 
was normal, but there was some irregularity at 
the origin of the right iliac artery. The patient 
was incontinent. During the following weeks, 
she had decubitus ulcers and eventually died of 
sepsis. Minimal improvement in spinal cord 
function occurred. Permission for a postmortem 
examination was refused. 


Patient 2 

A. 60-year-old man with severely impaired left 
ventricular function. underwent aortocoronary 
bypass. The IABP was placed through the left 
femoral artery after the induction of anesthesia 
and immediately before coronary bypass oper- 
ation was begun. After regaining consciousness 
in the intensive care unit, the patient had no 
motor function of the lower extremities. Pulses 
were present in both lower extremities, and the 
extremities were warm. Neurological examina- 
tion revealed complete paralysis at the ninth to 
tenth thoracic level with motor and sensory def- 
icits compatible with an ischemic neuropathy. 
Review of the records show no recorded epi- 
sodes of hypotension prior to discovery of the 
paralysis. The intraaortic balloon was removed 
36 hours later and was free from clot. The pa- 
tient remained hemodynamically stable, but 


renal failure eventually developed. After several 
days he died of a combination of renal failure 
and low cardiac output. Permission for a post- 
mortem examination was refused. 


Patient 3 | 

A 34-year-old man with type IV B hyper- 
lipidemia and severe peripheral vascular dis- 
ease underwent triple coronary artery bypass 
grafting for a left main coronary lesion and 
triple-vessel coronary disease. He previously 
had undergone three peripheral vascular pro- 
cedures on the lower extremities, and during 
one, the inferior mesenteric artery had been 
ligated. Hypotension and arrhythmias de- 
veloped shortly after he was removed from car- 
diopulmonary bypass, and the [ABP was in- 
serted in the operating room through a graft in 
the ascending aorta. After recovery from anes- 
thesia, he was noted to have partial paralysis of 
the right lower extremity. Over the following 48 
hours, renal failure and ischemic bowel de- 
veloped. Laparotomy was performed, and a 
subtotal colectomy was done for gangrenous 
bowel. The IABP was removed from the aorta at 
that time. The patient died of sepsis one month 
postoperatively. The paralysis of the right lower 
extremity partially subsided before death. At 
postmortem examination, no evidence of spinal 
cord necrosis was found. 


Comment 

This experience reconfirms the value of the 
IABP as an adjunct in weaning patients with 
left ventricular failure from cardiopulmonary 
bypass [4, 5, 7, 9, 11, 13, 16, 17, 22, 27, 28]. 
Thirty-five percent of those patients who might 
otherwise have died survived. The hospital 
survival rate among institutions has been fairly 
consistent (+50%) for patients who have re- 
quired the IABP for weaning from cardiopul- 
monary bypass after coronary bypass grafting. 
The survival rates, however, have been much 
more variable for patients who have required 
the IABP after valve replacement [4, 5, 7, 9, 11, 
13, 16, 17, 22, 27, 28]. This difference in survival 
probably reflects varying indications for IABP 
in these patients. Our results were dismal in 
this latter group. Only 1396 of patients with 
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aortic prostheses and 3396 with mitral pros- 
theses survived. During the same period, our 
overall (elective, emergency, routine) aortic and 
mitral valve replacement mortality was 5.7% (19 
of 334 patients) and 996 (26 of 285 patients), re- 
spectively. The indications for IABP in the 
majority of patients, i.e., failure to wean from 
bypass and postoperative hemodynamic de- 
terioration, preselect a group of patients with a 
very poor prognosis. We used the IABP during 
and after operation only in patients who con- 
tinued to have inadequate circulation with 
continuous administration of catecholamines 
and vasodilators. This policy does skew mor- 
tality statistics and. obscures the important 
contribution of the IABP as a left ventricular 
support device. 

It is evident from retrospective analysis of 
specific patients in our series that there was a 
tendency to use the IABP as a last resort in 
many patients, particularly those undergoing 
valve replacement and those who had already 
left the operating room. Earlier use of the IABP 
in these patients probably would have resulted 
in improved survival. A striking contrast is the 
1796 survival for 23 patients who had received 
the IABP postoperatively compared with the 
6296 survival for the 13 patients who received it 
prophylactically. In the latter group, however, 
the IABP may have been used too liberally. For 
example, we presently would probably not have 
employed the IABP for the 3 patients with 
left main coronary artery disease. In situations 
in which the IABP is used prophylactically, it is 
necessary to balance the added risk of compli- 
cations of the balloon against the potential 
benefit of preventing periods of inadequate cir- 
culation and cardiac distention in ‘patients 
whose left ventricle has little or no functional 
reserve. 

Complications related to the IABP are well 
described in the literature [1—5, 7, 9, 11-13, 
15-18, 22, 27-29]. In their review of the experi- 
ence of the Massachusetts General Hospital 
with the IABP in 728 patients, McEnany and 
colleagues [22] reported a 21.6% incidence (162 
of 747 insertions) of balloon-related complica- 
tions. Vascular complications were most com- 
mon (70 patients) and were followed in fre- 
quency by infection, predominantly groin 


wound (32 patients). Vascular complications are 
largely a result of sclerotic arteries whose bor- 
derline circulation is further compromised by 
catheter encroachment on the arterial lumen 
and embolization of atherosclerotic material 
scraped off during balloon insertion. 

Arteriography of the aorta and the iliac and 
femoral arteries before use of the IABP has been 
advocated to detect arterial disease and thus 
avoid IABP-related vascular complications [2]. 
The cost and associated morbidity of arteri- 
ography performed on a routine basis in all 
patients about to undergo cardiac operation 
probably does not justify such a policy for the 
few patients who would benefit. On the other 
hand, if arteriography is reserved for only those 
patients who require IABP acutely, time and 
logistics would frequently weigh against its 
use. Bahn and associates [2] advocate arteriog- 
raphy of the distal aorta and its branches at the 
time of cardiac catheterization in potential 
high-risk surgical candidates. Using this ap- 
proach, they have demonstrated a decrease in 
IABP-related vascular complications. 

Alpert and co-workers [1] found a 3696 inci- 
dence of vascular complications when evaluat- 
ing only patients who lived long enough to 
have the IABP removed. Although they made 
no suggestions on how to prevent these compli- 
cations, they did recommend a femoral-femoral 
crossover graft below the IABP insertion site for 
the treatment of an ischemic extremity when 
IABP support continues to be necessary. 

The second most frequent complication in 
both the Massachusetts General series and in 
the present series was groin wound infection. 
[22]. This complication has been diíficult to 
avoid despite careful attention to wound care 
and prophylactic antibiotics. In both series, the 
incidence of wound infection appeared to be 
related to the length of time the balloon was in 
place. 

The incidence of complications was signifi- 
cantly less when the balloon was inserted di- 
rectly into the ascending thoracic aorta. This 
method avoids compromising the circulation to 
the extremities. The disadvantage of this route 
of insertion is the need for thoracotomy to both 
insert and remove the balloon. Another po- 
tential disadvantage is the risk of cerebral 
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embolization from thrombus at the time of bal- 
loon removal. We have not seen this complica- 
tion nor are we aware of it occurring with 
others [6, 14, 19, 22, 24]. When the balloon is 
needed without cardiac operation, the femoral 
or iliac artery route is the only one available, 
and the higher risk of vascular complications 
and infection must be accepted. However, 
when the balloon is required intraoperatively, 
the IABP can be inserted through a graft sewn 
on the ascending aorta. If the IABP is removed 
from the aorta using a long prosthetic graft left 
under the sternum, the need for repeat 
thoracotomy is avoided. 

Investigators in the artificial heart program 
studying left ventricular assist devices use 
subcutaneous prosthetic grafts sewn to seg- 
ments of the circulatory system in order to be 
able to remove. or insert devices percutane- 
ously. Litwak and co-workers [20, 21] left per- 
manent obturated left atrial and aortic cannulae 
for potential assisted circulation after cardiac 
operation. In their reports of this technique, 
they also discussed the work of others in this 
field. 

We used the method of Phillips and Zeff [24] 
for removal of the intraaortic balloon from the 
aorta in 5 patients during the latter part of this 
series and in 14 more patients subsequently. 
Krause [19], McEnany [22], and their associates 
reported the successful use of this technique of 
balloon removal in 2 patients each. We recently 
encountered two .complications. One patient 
required a sternotomy when the balloon could 
not be removed. This patient subsequently re- 
covered and left the hospital. The second pa- 
tient, who required the balloon for eight days, 
had a pseudomonas infection around the cuta- 
neous exit wound of the balloon. The balloon 
was removed promptly at thoracotomy, the 
aortic graft was excised, and the mediastinum 
was irrigated and debrided, with subsequent 
healing. Both grafts in these 2 patients con- 
tained clotted blood, which was quite adherent 
to the walls of the graft. No patient has shown 
any signs of emboli from the prosthesis, and no 
known late complications have developed. 

Spinal cord injuries associated with the use of 
the IABP may be more common than previously 
appreciated since this complication occurred in 


= patients in this series [29]. Each balloon was 
inserted by a different surgeon, and each com- 
Llication occurred under different circum- 
s-ances. Tyras and Willman [29] reported the 
case of a patient who hàd paraplegia below the 
fifth thoracic level 36 hours after IABP inser- 
tion. At postmortem examination, a dissecting 
h2matoma along the descending thoracic aorta 
and ischemic necrosis of the spinal cord were 
fcund. The incidence of neurological complica- 
tions in the present series was 1.796. This is 
higher than the 0.496 incidence of spinal cord 
injury associated with resection of aortic coarc- 
ta-ion [8]. Two patients had definite spinal cord 
in/'uries; in a third, clinical findings indicated 
partial cord ischemia consistent with an em- 
bclus. This patient had transaortic insertion of 
the balloon and had severe hyperlipidemia ath- 
erosclerosis at an early age. It is likely that in- 
sertion of the balloon caused small, multiple 
atFerosclerotic emboli to the kidneys, bowel, 
and spinal cord even though emboli were not 
found in the colon mesentery at laparotomy two 
days later or in the renal vessels or spinal cord 
at 2ostmortem examination four weeks later. 
Emboli and partial aortic dissection probably 
best explain this unfortunate and eventually 
fatal complication. 

Fonet and associates [15] also reported isch- 
emi- neuropathies associated with the use of 
the IABP in 6 patients. However, in their study, 
the neuropathy usually was localized to the leg 
in which the balloon had been inserted, and in 
5 of their patients there was documentation of 
ischemia in that extremity for some time prior 
to development of the neuropathy. 

Tke IABP is an effective support device for 
treating patients with left ventricular failure 
particularly when weaning them from car- 
diopulmonary bypass. Early use in high-risk 
patients is recommended rather than use as a 
last resort. Complications from balloon inser- 
tion in the iliac and femoral arteries is high 
(25%); thus, potential benefits must be carefully 
weigned against risks when the femoral or iliac 
route is used. The incidence of complications 
can 2e considerably reduced by insertion 
throuzh the ascending aorta at the time of 
cardiec operation. The method of insertion 
throuzh a long substernal prosthetic graft ob- 
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viates the need for thoracotomy to remove the 
balloon and has been used by our group in 19 
patients to date. 
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Management of Patent 


Ductus Arteriosus in Preterm Babies 
Ricardo Gómez, M.D., Felipe Moreno, M.D., Margarita Burgueros, M.D., 


Pedro A. Sanchez, M.D., José Quero, M.D., 


ABSTRACT There is a higher incidence of delayed 
closure of the patent ductus arteriosus in premature 
babies with respiratory distress syndrome. From 
July, 1975, to December, 1977, 57 small, preterm in- 
fants with patent ductus arteriosus were diagnosed 
at our neonatal intensive care unit. From July, 1975, 
until September, 1976 (first period), 23 patients were 
diagnosed, and 11 underwent surgical ligation of a 
patent ductus arteriosus. There were 3 early deaths. 
From October, 1976, until December, 1977, out of a 
total of 34 patients with diagnosed patent ductus, 18 
were treated with indomethacin, and only 3 required 
ligation. 

Our present policy for patent ductus arteriosus 
with respiratory distress syndrome in the premature 
baby is to initiate early treatment with indometha- 
cin. If this treatment fails and the infant's status de- 
teriorates, we perform early surgical ligation of the 
ductus in order to minimize the time on mechanical 
ventilation and lessen the chances of the develop- 
ment of bronchopulmonary dysplasia. 


In the normal-term baby, physiological closure 
of the ductus arteriosus takes place within the 
first 24 hours of life [1, 25, 33]. Anatomical clo- 
sure is believed to occur several weeks later [10, 
22]. There is a higher incidence of delayed clo- 
sure of the patent ductus arteriosus (PDA) in 
premature babies [4], particularly when it is as- 
sociated with the respiratory distress syndrome 
[2, 5, 8, 13, 15, 19, 33]. It is believed that arterial 
hypoxemia and reduced responsiveness to oxy- 
gen by the ductus in the preterm infant may be 
responsible for the delayed closure [3, 8, 13, 24]. 
Congestive heart failure, secondary to an im- 
portant left-to-right shunt, develops in some 


From the Departments of Pediatric Cardiology and Pediatric 
Cardiac Surgery and the Neonatal Intensive Care Unit, "La 
Paz" Children's Hospital, Madrid, Spain. 


Accepted for publication Oct 10, 1979. 


Address reprint requests to Dr. Gómez, Paediatric Cardiac 
Surgery Unit, "Ramón y Cajal" Medical Center, Madrid, 
34, Spain. 


459  0003-4975/80/050459-05$01.25 © 1978 by Ricardo Gómez 


and Francisco Alvarez, M.D. 


infants with respiratory distress syndrome and 
PDA and worsens the respiratory insufficiency. 
In these patients who are unresponsive to 
medical treatment, ligation of the PDA may bea 
lifesaving procedure [12, 14, 18, 19, 26]. The 
purpose of this paper is to review our experi- 
ence with ligation of the PDA and to present 
our initial experience in constriction of the 
ductus with prostaglandin synthesis inhibitors. 


Material and Methods 

During a 22-year period, July, 1975, to De- 
cember, 1977, 57 small, preterm infants with 
PDA were diagnosed at our neonatal intensive 
care unit. We distinguish two different periods. 
The first was from July, 1975, to September, 
1976, and the second, October, 1976, to De- 
cember, 1977. 


First Period 

Twenty-three premature infants were diag- 
nosed to have PDA, and 11 (47.8%) underwent 
surgical closure of the PDA. Seven of the 11 
were male infants and 4 were female infants. 
The gestational age, weight at birth, and weight 
and age at the time of operation are shown in 
Table 1. Respiratory distress syndrome de- 
veloped in 8 of these babies in the first few 
hours of life. An extensive analysis of this pe- 
riod was published in 1977 [23]. 

The surgical approach, under general anes- 
thesia, was through a standard left thoracot- 
omy, and the ductus was ligated with two cot- 
ton tapes. No ductus was divided. In 3 patients, 
the chest drainage tube inserted before 
closure of the thoracotomy was removed at the 
end of the procedure, just before the patient 
was transferred to the neonatal intensive care 
unit. The infant’s body temperature was main- 
tained during the operation with an electric 
water blanket and sometimes with an infrared 
heating lamp also. Care was taken not to over- 
heat the baby. 


460 The Annals of Thoracic Surgery Vol 29 


Table 1. Data for 11 Premature Infants with PDA 
Who Underwent Surgical Treatment (First Period) 


Variable Range 


Gestational age 28-34 (mean, 32) 
(wk) 

Birth weight (gm) 

Weight at operation 
(gm) 

Age at operation (d) 


No. of deaths 


1,080-2,500 (mean, 1,667) 
900-2,430 (mean, 1,419) 


4—20 (mean, 10) 
3 (27.3%) 


PDA - patent ductus arteriosus. 


Table 2. Data for 3 Premature Infants 
with PDA Who Underwent Surgical 
Treatment (Second Period) 


Variable Range 


Gestational age 31-34 (mean, 32.3) 


(wk) 
Birth weight (gm) 
Weight at operation 


1,400-2,200 (mean, 1,733) 
1,210-2,130 (mean, 1,603) 


(gm) 
Age at operation (d) 11-23 (mean, 17) 
No. of deaths 1 


Overall mortality 28.5% 


(July, 1975-Dec, 
1977) 


PDA - patent ductus arteriosus. 


Second Period 

Out of a total of 34 patients for whom the 
diagnosis was PDA, 18 were treated with 
indomethacin, a prostaglandin synthesis in- 
hibitor. Only 3 babies (8.8%) needed sub- 
sequent ligation (Table 2). Of the 18 infants, 12 
had idiopathic respiratory distress syndrome 
type I and 6 had respiratory distress syndrome 
type II (transitory). The gestational age ranged 
from 26 to 34 weeks (mean, 29 weeks) and the 
weight at birth ranged from 750 to 2,100 gm 
(mean, 1,357 gm). All these babies had clinical 
and echocardiographic evidence of a large 
left-to-right shunt through a PDA, and all of 
them were treated initially for congestive heart 
failure with digitalis and diuretics. Retrograde 
aortography was not performed in the second 
period [40]. 
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Indomethacin, 0.3 mg per kilogram of body 
weight, was administered to the first 7 infants 
by retention enema. If there was no response 
more than 24 hours later, the dose was re- 
peated. The remaining 11 infants received 0.2 
mg per kilogram by orogastric tube. The same 
dose was repeated before 24 hours after the first 
one if there was no improvement, and eventu- 
ally a third dose was given before 48 hours after 
the first one, if it was considered necessary. 


Results 

First Period 

Three of the patients who underwent operation 
died, a hospital mortality of 27.3% (see Table 
1). The cause of death was bronchopulmonary 
dysplasia in 2 patients and septic shock in the 
third. All these infants had severe hyaline 
membrane disease, and the 2 patients with 
bronchopulmonary dysplasia were on me- 
chanical ventilation with intermittent posi- 
tive-pressure ventilation for a long period and 
required high inspiratory pressures for a 
long time. The survivors showed a dramatic 
improvement shortly after operation and were 
discharged from the hospital. As of November, 
1977, there were no late deaths, and 1 infant 
was lost to follow-up. 


Second Period 
Nine of the 12 patients (75%) with PDA and 
respiratory distress syndrome type I who were 
treated with indomethacin improved at a mean 
of 19.5 + 14 hours after the administration. Two 
patients died (1 of septicemia and the other, 
who had previously improved, of bronchopul- 
monary dysplasia), and 2 patients required sur- 
gical treatment because the prostaglandin syn- 
thesis inhibitors were ineffective. Four of the 6 
patients (66.7%) with PDA and respiratory dis- 
tress symptom type II who were treated with 
indomethacin improved at a mean of 15.75 + 
5.67 hours after the administration. One patient 
died of intracranial bleeding and bronchopul- 
monary dysplasia, and 1 patient needed liga- 
tion. 

Out of a total of 18 infants treated with in- 
domethacin, 13 (72.2%) showed marked im- 
provement with clinical, radiological, and 
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echocardiographic evidence of reduction in the 
left-to-right shunt. These changes were not as 
spectacular as those observed after surgical li- 
gation of the PDA. We have seen no important 
side-effects from indomethacin. One patient 
showed a very small reduction in urine out- 
put, which changed from a mean of 3.3 ml per 
kilogram per hour to 3 ml per kilogram per 
hour. 

There were no early deaths in the patients 
operated on in the second period, but 1 patient 
died of bronchopulmonary dysplasia 81 days 
after operation (see Table 2). The overall mor- 
tality with ligation of the PDA in preterm 
babies in our institution is 28.596 (see Table 2). 


Comment 

In the premature baby, there is delayed closure 
of the PDA [4], especially when it is associated 
with respiratory distress syndrome [2, 5, 8, 13, 
15, 19, 33]. The incidence of delayed closure is 
between 15 and 20% in the premature baby [19, 
27, 37]. It is 0.0496 in the normal-term infant 
and 0.7296 in the normal-term infant born at 
high altitude [30]. Some authors [9, 31] suggest 
that administration of oxygen to these infants 
may facilitate closure of the ductus, but there is 
a great danger of producing pulmonary damage 
and retrolental fibroplasia [11]. In fact, the ad- 
vances in mechanical ventilation tend to main- 
tain adequate respiratory constants with the 
minimum oxygen possible, although in many 
instances it is necessary to increase the amount 
[32]. 

Congestive heart failure develops in between 
30 and 6096 of premature infants with PDA and 
respiratory distress syndrome, and it does not 
improve with the classic treatment. It is appar- 
ent that persistent patency of the ductus ar- 
teriosus in premature babies is a major prob- 
lem. 

Recently, several studies have indicated that 
certain prostaglandins produce relaxation of the 
ductus arteriosus in fetal animals [6, 34, 39]. 
These prostaglandins may be responsible for 
maintaining patency of the ductus during fetal 
life [6, 34, 39]. Other studies have found that 
inhibitors of prostaglandin synthesis produce 
constriction of the ductus arteriosus in fetal 


animals [7, 11, 16, 29, 35, 36]. Based on these 
experiences, some authors [11, 17] began to use 
inhibitors of prostaglandin synthesis—acetyl- 
salicylic acid or indomethacin—to close a per- 
sistently patent ductus in premature infants 
that otherwise often required surgical ligation. 
From tke studies by Heymann and colleagues 
[17] it appears that indomethacin probably has 
a greater constrictor effect on the ductus ar- 
teriosus than does acetylsalicylic acid. The po- 
tential harmful side-effects of these two drugs 
are also a little different. Acetylsalicylic acid has 
a greater effect on coagulation and bilirubin 
displacement than does indomethacin, whereas 
indome:hacin interferes more with renal func- 
tion [20]. 

Our policy in the management of PDA in 
preterm babies with respiratory distress syn- 
drome is as follows: We begin treating the re- 
spiratory distress syndrome and the congestive 
heart fa:lure with the classic therapy. If there is 
no improvement after 24 to 48 hours of treat- 
ment and if the signs and symptoms of heart 
failure because of a PDA (such as bounding 
pulses, hyperactive precordium, murmur, and 
cardiomegaly) persist, we perform an echocar- 
diogram and measure the ratio between the left 
atrium end the aortic root diameter. According 
to Silvermann and associates [38], this ratio 
normally is 0.86 + 0.10. If we find it to be more 
than 1 or 1.1, we initiate early treatment with 
indomethacin always before the baby becomes 
10 days »ld.* Some authors believe that the nor- 
mal ratio between the left atrium and aorta 
must be 1:1, and they consider the presence of 
a large left-to-right shunt by a ratio over 1.3 
[21]. Th:s is due to the fact that in measuring 
the left «trium, they include the posterior aortic 
wall. If treatment with indomethacin fails and 
the infant's status deteriorates, we indicate 
early surgical ligation of the PDA. This step 
minimizes the time on mechanical ventilation 
to prevent the development of bronchopulmo- 
nary dysplasia [28]. 


Addendum 
Since December, 1977, an additional group of pre- 
mature infants with patent ductus arteriosus re- 


*Castro MZ: Personal communication, 1978. 
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ceived indomethacin. As of June, 1979, a total of 28 
babies had been treated with this drug. The results 
are as follows: definitive closure of PDA in 7 infants 
(25%); temporary closure of PDA or clinical im- 
provement in 13 (46.4%); and failure in 8 (28.5%). 
Four of these 8 required early surgical ligation of 
PDA. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 
will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration for 1981 is Au- 
gust 1, 1980. The exact times and places of these 
examinations will be announced later. 


A candidate applying for admission to the 
1981 certifying examination must fulfill all the 
requirements for the Board in force at the time 
the application is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


Recent Experience with Tuberculous Pericarditis 


Alberto J. Larrieu, M.D., G. Frank O. Tyers, M.D., 
Edward H. Williams, M.D., and John R. Derrick, M.D. 


ABSTRACT Twelve patients with 
pericarditis were found among 1,194 patients with 


tuberculous 


tuberculosis treated at the University of Texas Medi- 
cal Branch over a 10-year period, an incidence of 1%. 
Surgical treatment was undertaken in 4 patients, and 
the rest were treated medically. The surgically 
treated patients had no major complications, and 
none of them died. In the medically treated group, 
however, 1 patient died, 1 had an anaerobic em- 
pyema, and 1 experienced respiratory arrest. In ad- 
dition, the average hospital stay was 33 days less in 
the surgically treated group. Early surgical interven- 
tion should be carried out in patients with tubercu- 
lous pericarditis who do not respond promptly to 
adequate antituberculosis chemotherapy. 


The development of drugs effective in the 
treatment of tuberculosis has markedly altered 
the course of tuberculous infections everywhere 
in the body. Tuberculous pericarditis is no ex- 
ception, and this disease, once the main cause 
of pericarditis, is now rare. When it does occur, 
tuberculous pericarditis often has an insidious 
onset and a high mortality, especially if it is un- 
recognized or untreated. Treatment remains 
controversial; despite adequate medical man- 
agement, the disease frequently follows an un- 
relenting course to pericardial constriction. In 
view of this, some surgeons suggested that all 
patients with this disease who are a reasonable 
surgical risk would benefit from prompt 
pericardiectomy [2, 8]. Nevertheless, most in- 
ternists and cardiologists prefer to wait for spe- 
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cific indications after a trial of medical therapy 
[5, 6, 91. 

At our institution during a period of 10 years, 
12 patients with tuberculous pericarditis were 
treated. Four of them required pericardiectomy 
for relief of symptoms. Because of the paucity of 
information in the surgical literature regarding 
the course and treatment of this disease, we 
thought it would be valuable to discuss these 
patients and review the recent literature on the 
subject. 


Material, Methods, and Results 

Twelve patients with tuberculous pericarditis 
were found among 1,194 patients with tuber- 
culosis treated at this hospital between 1967 
and 1968. This is an incidence of 1%. The diag- 
nosis was made by three methods: a positive 
culture of Mycobacterium tuberculosis from the 
pericardial fluid (3 patients); a clinical course 
typical of pericarditis with a strongly positive 
purified protein derivative of tuberculin or ac- 
tive tuberculosis elsewhere (6 patients); or typi- 
cal caseating granulomas with acid-fast bacilli 
in sections of the pericardium (3 patients). 

The age of the patients ranged from 12 to 78 
years (mean, 42 years). The majority were in the 
third and fourth decades. All but 2 of the pa- 
tients were black, and all but 3 were males. The 
onset of symptoms ranged from 3 days to 180 
days prior to admission; however, in 3 patients 
there were symptoms or diagnosis of active 
tuberculosis long before pericardial complica- 
tions developed. The most prominent symp- 
toms were fever, weight loss, and chest pain 
(Table 1). 

The most frequent physical findings were 
cardiomegaly, tachycardia, and pulsus para- 
doxus. Other important findings were the pres- 
ence of a pleural effusion, hepatomegaly, and 
a pericardial friction rub (Table 2). Globular 
cardiomegaly was present on the chest roent- 
genograms of all patients. Echocardiography 
and angiocardiography were each 10096 accu- 


464  0003-4975/80/050464-05$01.25 © 1979 by Alberto J. Larrieu 


465 Larrieu et al: Tuberculous Pericarditis 


Table 1. Clinical Features of 12 Patients with Tuberculous Pericarditis 


Patient No., 
Age (yr), 
Sex, 

Race 


1; 


JI e W N 


27; M, B 


(9 M, D 
. 27, PB 

. 46,M, W 
. 26 M, B 


Onset before 
Admission (d) 


15 


Presenting Symptoms 


Chest pain, fever, myalgias, orthopnea, paroxysmal nocturnal 
dyspnea 

Cough, malaise, fever, chest pain, dyspnea, weight loss 

Chest pain, fever, night sweats, weight loss 

Cough, ankle edema, orthopnea, dyspnea 

Cough, fever, chills, night sweats, myalgias, dyspnea, or- 
thopnea, weight loss 

Weight loss, precordial chest pain 

Asymptomatic (pericardial effusion by clinical and radio- 
graphic data) 

Fatigue, anorexia, ankle swelling, weight loss 

Fatigue, nausea and vomiting, epigastric pain, fever, night 
sweats, weight loss 

Headaches, fever, vomiting, chest pain, fatigue, weight loss 

Cough, fever, chest pain, dyspnea 

Myalgias, nausea and vomiting, anorexia, fever, epigastric 


pain 


Table 2. Physical Findings in 12 Patients with Tuberculous Pericarditis 


Pulsus 
Pulse Para- 
Patient Pressure (beats) doxus Friction 
No. (mm Hg) min) (mm) Rub 
1 144/90 90 26 Yes 
2 114/60 90 0 No 
3 110/80 100 8 Yes 
4 155/90 86 30 No 
5 150/88 100 10 No 
6 120/60 110 30 No 
7 164/70 76 8 No 
8 105/80 86 0 No 
9 100/70 100 10 Yes 
10 116/66 132 0 No 
11 80/70 120 20 Yes 
12 110/90 120 10 Yes 


rate in identifying pericardial effusion. The 
intermediate or first strength tuberculin skin 
test was positive in all patients. Electrical alter- 
nans were seen in 2 patients, low voltage was 
seen in 3, and S-T segment and T wave changes 
were noted in 5. Pericardiocentesis was posi- 
tive for fluid containing M. tuberculosis in only 
5 patients (42%). 

Medical treatment consisted of one of several 
triple drug therapy regimens in all but 1 patient 


Distant 

Heart Neck Vein Liver 
Sounds Fever Edema Distention Enlargement 
No Yes No No Yes 
No Yes No No No 
Yes Yes No No Yes 
No Yes Yes No Yes 
No Yes Yes Yes Yes 
Yes Yes No Yes Yes 
Yes Yes No Yes Yes 
No No Yes No No 
Yes No Yes No No 
No No No No No 
Yes No Yes Yes No 
No Yes No No Yes 


who was treated with two drugs. Isoniazid was 
used in all patients, and to it was added one or 
two of the following: ethambutol, rifampin, 
streptomycin, or para-aminosalicylic acid. In 7 
patients, prednisone also was used. Patients 
who underwent medical treatment alone had an 
average hospital stay of 57 + 30 days, the long- 
est being 120 days (Table 3). Complications of 
medical treatment included one anaerobic em- 
pyema (Patient 4) and one respiratory arrest 
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Table 3. Therapy in 12 Patients with Tuberculous Pericarditis 
€——————————————————— eee 


Patient Hospital 
No. Medical Treatment Surgical Treatment Stay (d) | Result 
1 Antituberculosis drugs (1 d Pericardiectomy (1 d after 20 Doing well at 1 yr 
before operation) admission) 
2 Antituberculosis drugs plus None 60 Doing well at 2 yr 
prednisone 
9 Antituberculosis drugs plus — Pericardiectomy (10 d after 17 Doing well at 3 yr 
prednisone (10 d before admission) 
operation) 
4 Antituberculosis drugs None 120 Doing well at 1 yr 
5 Antituberculosis drugs plus Pericardiectomy (14 d after 44 Doing well at 1 yr 
prednisone (14 d before admission) 
operation) 
6 Antituberculosis drugs (0 d — Pericardiectomy (4 d after 14 Doing well at 1 yr 
before operation) admission) 
7 Antituberculosis drugs plus None 62 Doing well at 21⁄2 yr 
prednisone 
8 Antituberculosis drugs plus None 52 Doing well at 2 yr 
prednisone 
9 Antituberculosis drugs None 21 Died (cardiac tam- 
ponade) 
10 Antituberculosis drugs None 50 Doing well at 6 yr 
11 Antituberculosis drugs plus None 30 Respiratory arrest; re- 
prednisone suscitated with severe 
brain damage 
12 Antituberculosis drugs plus None 63 Doing well at 1 yr 
prednisone 


———————————————————————————————————————————————————————————————————————— 


(Patient 11). That patient was resuscitated but 
still has a substantial neurological deficit. There 
was 1 death (Patient 9) from cardiac tamponade 
a day prior to scheduled surgical treatment. 

Surgical treatment was undertaken in 4 pa- 
tients (see Table 3). In Patients 1 and 6, it was 
performed in order to establish a diagnosis in 
the presence of rapidly developing signs and 
symptoms of pericardial tamponade, while in 
Patients 3 and 5, operation was done after 
medical treatment had failed to stop the unre- 
lenting course of constrictive pericarditis. In 2 
patients a median sternotomy was performed, 
while a left anterior thoracotomy was utilized in 
1 patient and a bilateral anterior thoracotomy 
with sternal transection in another. There were 
no major complications in the surgical group. 
The average hospital stay was 24 + 13 days, 
with the longest stay being 44 days. 

The patients were discharged on a regimen of 
antituberculosis drugs and have been followed 
for an average of 25 + 19 months after dis- 
charge. Five of the patients treated medically 


have had no signs or symptoms of constrictive 
pericarditis or other major complications, for 
example, empyema. Their use of drugs is being 
tapered or has been discontinued. 

The 4 surgical patients (2 treated primarily 
and 2 following medical failure) also are doing 
well. One underwent operation three years ago 
and is no longer receiving chemotherapy, while 
the other 3 were all seen 12 months after 
pericardiectomy and were asymptomatic on a 
regimen of drug therapy. 


Comment 

Before the advent of antituberculosis chemo- 
therapy, the tremendously high mortality of 
patients with tuberculous pericarditis was rec- 
ognized widely. Although there have been re- 
ported instances of spontaneous resolution, 
Carroll [1] and Stepman and Owyang [13] em- 
phasized the seriousness of this disease by re- 
porting that among a total of 198 patients, mor- 
tality was 50% within two years of contracting 
the disease and 8096 within five years. 
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Table 4. Results of Medical versus Surgical Treatment of Tuberculous Pericarditis 


Medical Surgical 
Report Improved Died Improved Died 
Hageman et al [7] 11 10 17 4 
Schrire [10] 36 10 161 13 
Varma and Smith [15] 10 0 6 1 
Rooney et al [9] 18 2 6 2 
Fowler and Manitsas [5] 11 2 7 1 
Carson et al [2] 20 8 28 3 
Larrieu et al [this report] 7 1 4 0 
Totals 113 (77%) 33 (23%) 229 (91%) 24 (9%) 


The incidence of tuberculous pericarditis in 
our series corresponds to that reported in the 
literature, that is, 1 to 2% of all patients with M. 
tuberculosis [12, 14]. It is acquired by the spread 
of tubercle bacilli mainly from mediastinal 
nodes directly adjacent to the pericardium with 
or without apparent pulmonary or miliary dis- 
ease. It is the actual healing process that causes 
constriction of the pericardium and interrup- 
tion of the normal action of the heart [11, 14]. 
The disease is most prevalent in males, espe- 
cially black males less than 40 years old. This is 
well reflected in our series and in the literature, 
although tuberculous pericarditis does occur in 
white males as well [3, 5, 7-9, 15]. 

The most common presenting symptoms are 
dyspnea, cough, and weight loss, and then or- 
thopnea, chest pain, and ankle edema [5, 7-9]. 
The most common physical findings are car- 
diomegaly and fever, followed by tachycardia, 
pulsus paradoxus, and hepatomegaly. In addi- 
tion, pericardial friction rub and distant heart 
sounds are usually heard. Often, evidence of 
pleural effusion is found on chest roentgeno- 
grams [5, 7-9]. 

The diagnosis of tuberculous pericarditis is 
made usually on the basis of a strongly positive 
tuberculin skin test, electrocardiogram, chest 
roentgenogram, pericardiocentesis, circulation 
time, and echocardiogram or angiocardiogram. 
In 96% of reported cases, the electrocardiogram 
was interpreted as compatible with pericarditis 
and the tuberculin skin test was positive [5, 
7-9]. Our series documents the value of 
echocardiography, a diagnostic method that 


was 100% accurate in the detection of pericar- 
dial fluid. An accurate diagnosis can be made 
by angiography, but this procedure can carry 
significant risk. One of the medically treated 
patients in our report experienced a respiratory 
arrest during angiography. 

The treatment of tuberculous pericarditis is 
still in debate. Holman and Willett [8] as early 
as 1951 suggested that pericardiectomy should 
be performed whenever a tuberculous pericar- 
dial effusion is seen, particularly if there is any 
evidence of constriction. This opinion was 
supported by Carson and colleagues [2] who 
stated that all patients with proved or suspected 
tuberculous pericarditis who were reasonable 
surgical risks would benefit from prompt surgi- 
cal intervention following the institution of 
chemotherapy. Rapid advances in the chemo- 
therapy of tuberculosis, however, have encour- 
aged most physicians to treat tuberculous 
pericarditis medically and turn to operation 
only as a last resort. 

A review of the literature shows that about 
half of the reported patients treated medically 
eventually required pericardiectomy [2, 5, 7, 9, 
10, 15]. The mortality among those patients who 
underwent pericardiectomy was 9% versus 
23% among those patients treated medically 
(Table 4). This compares with 0 (0 out of 4) and 
12.5% (1 out of 8) for pericardiectomy versus 
drug therapy alone in our series. A further ad- 
vantage of surgical over medical therapy is the 
markedly shorter average hospital stay in the 
surgical group in our series (24 + 13 days) ver- 
sus the medical group (57 + 30 days). 
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Pericardiectomy can be performed through a 
median sternotomy, through a bilateral anterior 
thoracotomy with sternal transection, or 
through a left-sided anterior thoracotomy. Me- 
dian sternotomy is probably the least traumatic 
approach. The aim of the operation is to decor- 
ticate the area of the ventricles as widely as pos- 
sible from the left to the right phrenic nerve. 
The left ventricle should be freed first to pre- 
vent pulmonary congestion and decortication of 
the thin-walled right ventricle should be per- 
formed carefully since tearing of the myocar- 
dium can occur easily. Portions of calcified 
pericardium infiltrating the myocardium en- 
countered in patients seen late are left behind. 
Limited pericardial resections (pericardial win- 
dows) should be avoided in the treatment of 
tuberculous pericarditis because of a 33% re- 
currence rate and the resulting need for a dif- 
ficult second procedure [4]. Patients in whom 
low cardiac output and metabolic acidosis de- 
velop during pericardiectomy may require 
completion of the procedure on cardiopulmo- 
nary bypass. 

We believe that tuberculous pericarditis is 
best treated by triple drug therapy and early 
pericardiectomy for the following reasons: (1) 
the high failure rate of medical treatment (3 out 
of 10, 30%, in this series; 51% in the literature); 
(2) the inability to predict which patients will 
respond favorably to medical treatment alone; 
(3) the lower mortality and morbidity with 
pericardiectomy versus drug treatment alone; 
(4) the markedly shorter, less complicated, and 
less expensive hospital stay with pericardiec- 
tomy; and (5) the overall excellent results. We 
support Holman and Willett [8] and Carson and 


colleagues [2] in recommending early surgical 
intervention in these patients. 


References 

1. Carroll D: Streptomycin in the treatment of tu- 
berculous pericarditis. Bull Johns Hopkins Hosp 
88:425, 1951 

2. Carson TJ, Murray GF, Wilcox BR, et al: The role 
of surgery in tuberculous pericarditis. Ann 
Thorac Surg 17:163, 1974 

3. Coleman AJ, Moyes DG, Wheatley DJ, et al: Im- 
mediate effects of pericardiectomy. J Thorac Car- 
diovasc Surg 66:803, 1973 

4. Dean RH, Killen DA, Daniel RA, Jr, et al: Experi- 
ence with pericardiectomy. Ann Thorac Surg 
15:378, 1973 

5. Fowler NO, Manitsas GT: Infectious pericarditis. 
Prog Cardiovasc Dis 16:323, 1973 

6. Goyette EM: The treatment of tuberculous 
pericarditis. Prog Cardiovasc Dis 3:141, 1960 

7. Hageman JH, D'Espo ND, Glenn WWL: Tuber- 
culosis of the pericardium. N Engl J Med 270:327, 
1964 

8. Holman E, Willett F: Treatment of active tuber- 
culous pericarditis by pericardiectomy. JAMA 
146:1, 1951 

9. Rooney JJ, Crocco JA, Lyons HA: Tuberculous 
pericarditis. Ann Intern Med 72:73, 1970 

10. Schrire V: Pericarditis (with particular reference 
to tuberculous pericarditis). Aust Ann Med 
16:41, 1967 

11. Sellers TH: Constrictive pericarditis. Br J Surg 
33:131, 1945. 

12. Snider DE: Extrapulmonary tuberculosis in Ok- 
lahoma, 1965 to 1973. Am Rev Respir Dis 111:641, 
1975 

13. Stepman TR, Owyang E: Clinically primary tu- 
berculous pericarditis. Ann Intern Med 27:914, 
1974 

14. Suzman S: Tuberculous pericardial effusion. Br 
Heart J 5:19, 1943 

15. Varma BN, Smith JM: Tuberculous pericarditis: a 
review of 17 cases. Tubercle 48:160, 1967 


CASE REPORTS 


The Distribution Patterns of Biatrial Myxomas 


John Imperio, M.D., Donald Summers, M.D., Norman Krasnow, M.D., 


and Vincent A. Piccone, Jr., M.D. 


ABSTRACT  Biatrial myxomas are extremely rare, 
and by 1970 only three of eight attempts at removal 
had been successful. Another successful removal, 
the difficulty of establishing the biatrial nature of a 
myxoma by echocardiography, and a summary of 
the distribution patterns of biatrial myxomas are 
presented here. In more than 50% of patients, both 
pedicles grew into separate atrial chambers from a 
common location in the atrial septum. The surgical 
implications are discussed. 


Primary neoplasms of the heart are rare tumors 
found in only 0.0596 of unselected postmortem 
examinations [11]. Most of the tumors are be- 
nign, and the majority are atrial myxomas. 
Atrial myxomas most commonly occur in the left 
atrium but 25% develop in the right atrium. 
Biatrial myxomas are extremely rare. By 1970, 
only three successful removals of such lesions 
had been reported [1, 4, 9, 18]. Successful re- 
moval of biatrial myxomas remains so uncom- 
mon that individual cases continue to be of 
interest. 

Surgical reports of biatrial myxomas now 
span a decade and reflect the technology of their 
time. The high mortality associated with most 
attempts at removal of biatrial myxomas relates 
to a less developed state of the surgical art, and 
the literature contains almost no experience 
with current methodology. Echocardiography 
has become widely used for the diagnosis 
of atrial lesions [13]. However, the echocardio- 
grams in this report demonstrate some of the 
limitations of ultrasound and show that a sec- 
ond tumor may escape detection, especially if 
one myxoma dwarfs a directly adjacent smaller 
one. 

The biatrial myxoma we encountered was 
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unusual y interesting because both stalks origi- 
nated from opposite sides of the same part of 
the atricl septum. However, perusal of previ- 
ous case reports revealed origin from a common 
stalk to be a recurring theme. This finding 
prompted the more detailed review and sum- 
mary of all the previous gross pathological de- 
scriptions reported here. 


A 65-year-old man was hospitalized with dys- 
pnea, which was of several weeks' duration, in- 
creasingly frequent, progressively severe, and 
brought on by minimal exertion. He also had 
dependent edema, which at first was present 
only at the end of the day and was relieved 
readily >y diuretics, but which rapidly became 
anasarca and persisted despite diuretic therapy. 
Past medical problems included hepatocellular 
dysfunction of three years' duration associated 
with daily intake of ethanol. After the patient 
discontinued his heavy consumption of eth- 
anol, liver function tests became normal and 
the live- decreased in size. 

Physical examination revealed an elderly man 
in moderate respiratory distress, who was 
breathing at a rate of 26 per minute. The legs 
were swollen to the middle of the thighs. The 
inferior edge of the liver extended 6 cm below 
the rigFt costal margin. Pulsations were visible 
in the engorged neck veins, even when the pa- 
tient was standing. Heart sounds were distant. 
Rales were not heard at the bases of the lungs. 
Slight cardiomegaly was visible on chest roent- 
genogram. The first echocardiogram detected 
only a minimal effusion. The alkaline phos- 
phatase was mildly elevated, and serum glu- 
tamic cxaloacetic transaminase and lactic de- 
hydrogenase were normal. The liver scan with 
technetium 99 showed minimal hepatocellular 
dysfunction. Pulmonary ventilation studies were 
normal 

The patient lost 9 kg in response to diuretic 
therapy, a lower sodium diet, and bed rest. A 
presumptive diagnosis of tuberculous pericar- 
ditis was based on a strongly positive purified 
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(A) The tumor as seen through a midsternotomy 
incision and from the cephalad end of the opening. The 
right atrial myxoma (RAM) juts outward through the 
incision in the right atrium (RA). The cannula (C) in- 
serted through the right atrial appendage (RAA) loops 
back into the superior vena cava. The second venous 
cannula is in the femoral vein. The tourniquet (T) 
occluded the inferior vena cava. (B) The base of the 
tumor (B) is seen to extend from the septum toward the 
lateral wall of the atrium near the inferior vena cava 
before removal of the base and the portion of the septum 
to which the base was attached. (DIA — diaphragm.) 


protein derivative of tuberculin (2 cm indura- 
tion) skin test, the distant heart sounds, the 
pericardial effusion, and a history of a cough for 
several months prior to admission. Antituber- 
culosis chemotherapy was initiated. 
Eventually diuretic therapy became ineffec- 
tive, and marked elevation of superior vena 
cava pressure was demonstrated during cardiac 
catheterization. The catheter could not be 
passed into the right ventricle because of an 
obstruction in the atrium. Right atrial mean 
pressure was 15 mm Hg above the obstruction 
and ranged between 0 to 12 mm Hg in the part 
of the atrium near the tricuspid valve. Right 
ventricular systolic pressure was 10 mm Hg, 
and end-diastolic pressure was 1 mm Hg. Pul- 
monary artery pressure was 8/2 mm Hg, and 
wedge pressure was 5 mm Hg. Left ventricular 
systolic pressure was 100 mm Hg, and end- 
diastolic pressure was 3 mm Hg. Cardiac output 
was 2.96 liters per minute (Fick method). A 
right atrial filling defect was demonstrated very 
clearly on a left anterior oblique angiogram of 
the right atrium with tumor apparently fill- 
ing the atrium from the inferior vena cava to 


the superior vena cava-right atrial junction. A 
third echocardiogram showed a burst of echoes 
in the region of the right atrium. 

The echocardiogram was recorded with a 
Smith-Kline 20A ultrasonoscope interfaced with 
a Honeywell 1856 recorder. The 2.25 MHz 
probe was placed in the third intercostal space 
near the sternum. After recording echoes in the 
aorta and aortic valve, the transducer was an- 
gulated further medially and superiorly. In this 
position a dense cloud of echoes appeared close 
to the ascending aorta. The tricuspid valve was 
not identified. 

The atrial myxoma was removed on March 
15, 1978, utilizing cardiopulmonary bypass and 
topical cold cardioplegia. The atrial mass was 
excised through an anterolateral incision in the 
right atrium. The incision was extended down- 
ward to the posterior aspect of the junction 
of the inferior vena cava and the right atrium. 
A large pedunculated mass nearly filled 
the right atrium but was delivered through 
the enlarged incision easily (Figure, A). The 
mass was attached by a stalk originating 
from the atrial septum immediately above the 
inferior vena cava (Figure, B). The stalk was 
divided in such a manner that the mass of the 
tumor could be removed. Then the atrial 
septum was incised about 1 cm from the edge of 
the pedicle in order to remove the root of the 
tumor and the surrounding normal septal tis- 
sue. As the root of the pedicle and adjacent 
septum were lifted upward, the myxoma could 
be seen extending from the other side of the 
septum. Friable villous extensions of the myx- 
oma broke off and almost floated away under 
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Gross Pathology of Biatrial Myxomas 


L ———————————————————— 


No. of 
Author 


Kaufman et al [9]; Beeler et 5,4 
al [4] atrium 
Anderson et al [1] 3 
atrium 
Yipintsoi et al [18] 2 
atrium 
Frankenfeld et al [6] 7 


Myxomas Distribution 


Discrete single lesions in each 


Discrete single lesions in each 
Discrete single lesions in each 


Multiple pedunculated 


Origin of Stalk of Tumor 


Inferior margin foramen ovale, 
second stalk from separate 
area but not localized 


Inferior margin foramen ovale, 
common attachment of stalks 
Stalk of each myxoma attached 
to fossa ovalis at same place 
Not described 


myxomas in r. atrium and a 
single large l. atrial myxoma 


Bahnson and Newman [2] 8 


Not described 
L. atrial myxoma with small r. 


Five separate lesions in L atrium 


Stalks extended through atrium 
to tumor in opposite atrium 


Origin of pedicles not described 


L. atrial lesion attached to 


Van Buchem et al [17] 9 
atrial myxomas 
Nichols and Hennigar 10 
[14] and one in r. 


Cumming and Finkel [5] 11 


atrium 
Honey and Axelrod [8] 12 

atrium 
Zajtchuk et al [19] 13 
Becker et al [3] 14 Not described 
Nicholson et al [15] 15 


Leonhardt and Kullenberg 16 


Discrete single lesions in each 


Discrete single lesions in each 


Multiple biatrial myxomas 


Discrete lesions in each atrium 


Not described 


Myxoma r. atrium attached by 


superior margin of limbus of 
foramen ovale; r. lesion on 
lateral wall 

Mass in left extended to r. at 
foramen ovale 


Tumor extended through atrial 
septum in region of foramen 
ovale and was continuous 
with smaller mass in l. atrium 

Separate lesions in r. atrial ap- 
pendages; origin of stalk not 
described 

Not described 

R. atrial myxoma attached by 
stalk to septum with 1. atrial 
myxoma arising from septum 
opposite origin of r. atrial 
myxoma 

Origin of stalk not described 


Origin of stalk not described 


stalk to rim of fossa ovalis; 
origin of l. atrial myxoma not 


R. atrial myxoma attached to 
septum; l. atrial stalk also 


Origin of stalks not described 
exactly 


originated from septum 


[12] 
Siltanen et al [16] 17 
described 
Kawashima et al [10] 18 
Gustafson et al [7] 19 


septum 


Imperio et al [this report] 1 
atrium 


Discrete lesion in each atrium 
with stalks originating from 


Discrete single lesions in each 


Stalks originate from opposite 
sides of septum 


Pedicles extend from common 
base 





the septum. However, they were retrieved to 
avoid the danger of embolization from the left 
atrium. The defect in the atrial septum was re- 
paired without narrowing the junction of the 
inferior vena cava and the right atrium too 
much. 

The patient recovered with minimal compli- 


cations, and he eventually became asymptom- 
atic. No residual atrial tumor was evident on 
the postoperative echocardiogram. 


Commen: 
The total number of biatrial myxomas now re- 
ported is adequate to glean an appreciation of 
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the anatomical distribution of these lesions, 
information that provides crucial direction to 
the surgical procedure (Table) [1—10, 12, 14-19]. 
The most common distribution pattern for atrial 
myxomas (9 of 17 reported cases) is attachment 
of the stalk of the left atrial myxoma and the 
stalk of the right atrial myxoma to opposite 
sides of the same area of the atrial septum. The 
stalks do not share a common base in the atrial 
septum in 25% of the cases. Some of the stalks 
arise from the atrial appendage and outer walls 
of the atrium, and occasionally more than two 
discrete myxomas may be present in both atria. 
The distribution of the myxomas can extend 
beyond the atria to the ventricles. Unfortu- 
nately, 2596 of the case reports reviewed did not 
contain a description of the exact location and 
origin of the myxomas. In the case of biatrial 
myxomas with the stalks attached to a common 
base in the atrial septum, one lesion may have 
grown from the septum in both directions or a 
stalk may have invaded through the septum 
into the opposite chamber. Atrial myxomas 
originating from the septum usually are at- 
tached to the rim of the fossa ovalis, most com- 
monly along its inferior margin. They can ex- 
tend over into the lateral wall of the atrium and 
impinge on the opening of the inferior vena 
cava. This last consideration is important in 
considering repair of the defect after removal of 
the tumor and its base. Atrial myxomas can 
develop in any part of the atria including the 
atrial appendages. 

The distribution patterns of myxomas and 
the tendency for recurrence have obvious surgi- 
cal implications. When the atrial wall is being 
incised to remove a myxoma, the opposite wall 
should be inspected as early as possible to ex- 
clude the possibility of embolization or the 
leaving behind of any portion of the tumor that 
may be growing through the septum and into 
the opposite chamber. The opposite chamber 
should be searched for additional separate le- 
sions. Dental mirrors are useful to inspect the 
left atrial side of the atrial septum when the ap- 
proach is from the right atrium. The excision of 
the pedicle at its point of attachment should be 
sufficiently wide to ensure complete removal of 
all involved tissue. 

The chance of echocardiography establishing 


the biatrial nature of myxomas is not optimal. 
Detection of right atrial masses by echocardiog- 
raphy is in itself technically difficult, and 
echocardiography can yield misleading results. 
As demonstrated in this report, a small exten- 
sion of a myxoma from one side of the septum 
to the other can elude detection by echocardiog- 
raphy and also might not be evident on angiog- 
raphy. Therefore, surgical exploration of the 
opposite chamber is mandatory. Even though 
the chance of finding a second myxoma in the 
opposite chamber is very small, the conse- 
quences of a second lesion are so important 
they warrant a thorough search. 

The presenting symptoms of our patient were 
of unusual interest because the first clinical 
evidence of the atrial myxoma was hepato- 
megaly and increased serum enzymes in a pa- 
tient with presumed recurrent hepatic decom- 
pensation secondary to cirrhosis. 
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Ventricular Aneurysm: 


False or True? An Important Distinction 


lan D. Malcolm, M.D., David H. Fitchett, M.B., Duncan Stewart, M.D., 
Derek Marpole, M.D., and James Symes, M.D. 


ABSTRACT A case of ventricular false aneurysm 
with the typical clinical, radiological, electrocardio- 
graphic, and angiographic features of this entity is 
presented. The distinction between false ventricular 
aneurysm and true aneurysm is discussed. This dis- 
tinction is important because of the propensity of 
false aneurysms to rupture. An early diastolic mur- 
mur was present prior to, but not after, resection of 
the aneurysmal sac. A theory as to the origin of this 
murmur is offered. 


In North America, ventricular aneurysms de- 
velop usually as a result of myocardial infarc- 
tion. Resection of the aneurysm should be con- 
sidered if peripheral emboli, intractable heart 
failure, or arrhythmia unresponsive to therapy 
occur. However, rupture is not common [4, 9], 
and the risk of this, in itself, is not generally 
considered an indication for operation. In con- 
trast, the risk of spontaneous rupture of a false 
aneurysm is high [2, 5], and the very presence 
of a false aneurysm of the ventricle is an indica- 
tion for operation. Therefore, it is crucial that 
false ventricular aneurysms be identified and 
distinguished clinically from true aneurysms. 
We present the case of a patient with ventricu- 
lar false aneurysm in whom the clinical picture 
was suggestive of the diagnosis. 


A 50-year-old man was admitted to the hos- 
pital after an episode of syncope following the 
administration of isosorbide dinitrate. Eleven 
months previously, the patient had been in an- 
other hospital because of a myocardial infarc- 
tion complicated by pericarditis. He had been 
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discharged after three weeks, but had con- 
tinued to experience dyspnea on exertion and 
left-sided pleuritic chest pain. Investigation of 
upper abdominal discomfort eight months after 
discharge revealed no abdominal disease, but 
a chest roentgenogram showed substantial en- 
largement of the cardiac silhouette compared 
with the chest roentgenogram made on dis- 
charge (Fig 1). The lateral roentgenogram also 
revealed cardiomegaly, but no definite aneu- 
rysmal bulge was identified. On admission to 
our hospital, the patient complained of mild 
intermittent pleuritic chest pain, but denied 
symptoms of cardiac failure other than dyspnea 
on exertion and fatigue. 

Physical examination revealed a depressed, 
cachectic man who looked older than his stated 
age. The blood pressure was 115/70 mm Hg, and 
the pulse was regular at 90 beats per minute. A 
rocking, diffuse left precordial thrust was palp- 
able in systole, and this could be felt extending 
lateral to the left anterior axillary line. Auscul- 
tation revealed a soft fourth and a loud third 
heart sound at the apex. A high-pitched 2/6 
early diastolic decrescendo murmur was heard 
over the left second intercostal space at the 
sternal border only on full expiration. No sys- 
tolic murmur or pericardial rub was heard. 

A chest roentgenogram was essentially un- 
changed from that made three months prior to 
admission (see Fig 1B). The electrocardiogram 
showed sinus rhythm at 100 with occasional 
ventricular ectopics. There were large Q waves 
and negative T waves in leads II, III, and aVr, 
consistent with the previous inferior infarction. 
The S-T segments were isoelectric. M-mode 
echocardiography demonstrated increased sys- 
tolic and diastolic left ventricular dimensions, 
but no aneurysmal cavity was identified. The 
patient underwent cardiac catheterization. The 
left ventriculogram (Fig 2) revealed a large 
inferoposterior cavity communicating with the 
left ventricular cavity by a narrow neck. The 
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Fig 1. (A) Chest roentgenogram made one month after 
the inferior wall myocardial infarction. (B) Chest roent- 
genogram made nine months after the myocardial in- 
farction. 





Fig 2. Left ventriculogram in the right anterior oblique 
projection. The pigtail catheter is situated in the left 
ventricular cavity. A large diaphragmatic cavity com- 
municating with the ventricular cavity through a nar- 
row neck and with the characteristic shape of a false 
ventricular aneurysm is visible in the lower portion of 
the figure. (PN = postnitroglycerin.) 





right coronary artery was completely occluded 
in its middle third with no opacification of the 
posterior descending coronary artery. The left 
anterior descending coronary artery was dis- 
placed but patent, and the circumflex coronary 
artery was small. No coronary arteries were 
seen in the wall of the aneurysmal cavity. 
Subsequently, the patient underwent suc- 
cessful resection of a huge thin-walled aneu- 
rysmal sac containing a large amount of 
laminated thrombus situated between the dia- 
phragm and heart. This communicated with the 
left ventricular cavity through an oval defect, 2 
by 5 cm in diameter, between the septum and 
the base of the posterior papillary muscle (Fig 
3). After resection of the aneurysm, the defect 
was closed in the same manner as any ven- 
triculotomy created following resection of a true 
aneurysm. The postoperative course was un- 
eventful. Physical examination six months after 
discharge revealed a less prominent left ven- 
tricular heave. The third heart sound was no 
longer audible although the fourth remained. 
The previously described diastolic murmur 
could not be heard. Chest roentgenogram 
showed a marked decrease in the size of the 
cardiac silhouette compared with the preopera- 
tive roentgenogram. The postoperative electro- 
cardiogram was unchanged. At the time of 
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Fig 3. Defect at operation. The false aneurysm has been 
opened revealing a large defect in the inferior myocar- 
dial wall. 


writing, the patient had no complaints spe- 
cifically referable to the cardiovascular system. 


Comment 

Ventricular rupture most commonly results in 
pericardial tamponade and immediate death. In 
a few instances, however, presumably in the 
presence of pericardial adhesions, the rupture is 
contained locally by the pericardium, tampon- 
ade is avoided, and a false aneurysm is formed. 
All too often, the false aneurysm, which origi- 
nally offered a reprieve from death due to 
ventricular rupture, itself ruptures with a fatal 
result. Pathologically, ventricular false aneu- 
rysms should be distinguished from true aneu- 
rysms by the absence of any myocardial ele- 
ments in the wall of the aneurysm [2, 5]. The 
orifice is often small, giving an hourglass ap- 
pearance to the ventriculogram as in our patient 
(see Fig 2) [10]. On the other hand, the orifice of 
the true aneurysm tends to be larger and the 
cavity usually is not a distinct chamber but 
simply an evagination of the ventricular cavity. 
In true ventricular aneurysms, coronary angiog- 
raphy occasionally reveals vessels “draped” 
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over the aneurysmal portion of the ventricle 
[10]. Since the wall of a false aneurysm does not 
consist of myocardial tissue, it does not possess 
a coronary blood supply and draping is not 
seen. 

The examination of patients with true or false 
aneurysms may be similar. Findings can in- 
clude a diffuse, sometimes double apical im- 
pulse, gallop rhythms, and other signs of left 
heart failure [5]. Systolic murmurs are often 
heard in patients with false aneurysms in the 
absence of mitral regurgitation or ventricular 
septal defect. These have been attributed in 
some patients to turbulent flow through the 
small ostium between the left ventricular cavity 
and the aneurysmal sac [5]. On at least one oc- 
casion, such a murmur has disappeared after 
successful resection of a false aneurysm [8]. The 
diastolic murmur in our patient remains unex- 
plained, but it is possible that it was the result 
of diastolic flow from the aneurysmal cavity 
back into the ventricular cavity. 

While false aneurysms may result from sev- 
eral causes [2], only those associated with myo- 
cardial infarction are likely to be confused with 
a true aneurysm. The majority of true aneu- 
rysms associated with myocardial infarction are 
anteroapical or lateral and the result of anterior 
or apical damage [4, 9]. In contrast, false aneu- 
rysms are just as likely to be posterior or basal 
[2, 6, 11]. The chest roentgenogram of the pa- 
tient with a true aneurysm may be normal or 
may show nonspecific cardiomegaly, but oc- 
casionally it demonstrates an apical or lateral 
bulge. With a false ventricular aneurysm, there 
is more likely to be a retrocardiac double con- 
tour reflecting a posterior extension of the false 
aneurysm. In these instances the false aneu- 
rysm is more clearly seen in a lateral projection 
[6, 10]. Alternatively, with an inferior dia- 
phragmatic false aneurysm, as in our patient, 
the upper lateral margin of the cardiac sil- 
houette may be elevated (see Fig 1B) presum- 
ably due to upward displacement of the heart 
by the aneurysmal sac. Commonly, false ven- 
tricular aneurysms grow progressively larger 
with time [6]. This was demonstrated in our 
patient (see Fig 1). The electrocardiogram often 
helps differentiate a true from a false aneurysm. 
Evidence of a previous inferior or posterior in- 
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farction favors the latter. Persistent S-T segment 
elevation may occur with false aneurysms as 
well as true aneurysms [5, 11]. Recent reports 
suggest that false aneurysms may be diagnosed 
by echocardiography and radioisotope, gated 
cardiac blood pool imaging [1, 2, 8]. 

As many as 7596 of ventricular aneurysms 
may go clinically unrecognized [3]. It is reason- 
able to presume that our ability to detect false 
aneurysms is also poor. Although there have 
been a number of reports of successful resection 
of a false aneurysm [5-7, 11], death from rup- 
ture undoubtedly still occurs frequently when 
the entity goes unrecognized. Because of the 
dire prognosis, the clinician must be aware of 
this potential complication in any patient re- 
covering from a transmural myocardial infarc- 
tion, especially if the course is complicated by 
pericarditis, progressive cardiomegaly, failure, 
or a prolonged period of hypotension in the 
early postinfarction period. 
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Temperature-Related Pacemaker Tachycardia 


Diego A. Bognolo, M.D., R. R. Vijayanagar, M.D., 
Paul F. Eckstein, M.D., and Sue Stonerock, M.D. 


ABSTRACT A case of sudden increase in rate of an 
implanted ventricular-inhibited pacemaker is re- 
ported. Testing of the unit at room temperature re- 
vealed the measurements to be entirely within 
normal limits. Subsequent electrical testing at a tem- 
perature of 38°C confirmed the abrupt increase in 
rate of the unit. 


Currently available pacemaker circuits are de- 
signed for body temperatures; nevertheless, the 
units should function in the same manner at 
room temperature so that the physician can 
verify the system's integrity before the unit is 
implanted. We report here one instance of 
malfunctioning of a pacemaker timing circuit. 
Considerable difference between room and 
body temperature testing was detected. 


A 75-year-old woman underwent implanta- 
tion of a CPI bipolar, ventricular-inhibited 
pacemaker (model number 0607, serial number 
PG 104329) for sick sinus syndrome on August 
15, 1978. According to the manufacturer's spe- 
cification sheet, the pacer rate was 71 pulses per 
minute (ppm) at 37°C and the magnet rate, 86 
ppm at 37°C. Routine pacer check in December, 
1978, showed normal pacemaker function with 
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a pulse interval of 830 msec (Fig 1). On a sub- 
sequent pacer check on March 16, 1979, it was 
noted that the pulse interval had decreased to 
684 msec and the pacer was functioning at 87 
ppm. Application of the magnet showed pacer 
capture at a rate of 104 ppm and a pulse inter- 
val of 570 msec (Fig 2). Exploration of the pace- 
maker system on March 19, revealed optimal 
chronic stimulation thresholds; the explanted 
unit was tested with a Medtronic 5300 PSA 
analyzer and found to be entirely within spe- 
cifications (pulse interval, 860 msec; output, 
10.2 ma; pulse width, 0.56 msec). The unit was 
replaced with a Microlith-P (model number 
607). Electrical inspection of the explanted, 
malfunctioning unit revealed normal values at 
room temperature with abrupt increase in rate 
to 86 ppm at 38°C. After the unit was cooled at 
room temperature for 6 minutes 50 seconds, the 
rate abruptly returned to 68 ppm. 


Comment 

In currently available pacemakers, rate temper- 
ature stability is not a problem since the range 
of the implant environment is less than 5*C [1]. 
All pacer circuits are designed for body temper- 
ature, but room temperature testing at the time 
of implantation usually does not show any 
major differences. In the patient reported here, 
however, the defect in the timing circuit be- 
came apparent only at a temperature of 38°C. 


Fig 1. Routine pacer check on December 4, 1978, 
showing normal pacer function with a pulse interval 
of 830 msec. 
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Fig 2. Subsequent pacer check on March 16, 1979, 
showing a decrease in the pulse interval to (A) 684 msec 
and to (B) 570 msec when a magnet was applied. 


This example reconfirms that testing of units 
removed because of suspicious circumstances 
should always be performed in a wet, warm en- 
vironmert that closely reproduces conditions in 
the body. This can be easily accomplished by 
wrapping the pacemaker in a sponge saturated 
with saline solution and by placing the entire 
assembly in a commonly available bacteriology 
incubator at body temperature. The testing lead 
can be brought through a crack in the door of 
the incuoator and attacked to the analyzing 
unit. 
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HOW TO DO IT 


Expeditious Location of the Embedded 
Proximal Left Anterior Descending Coronary Artery 


R. Leighton Fisk, M.D., Carman H. Brooks, M.D., 
Gurmit Sandhu, M.D., and Peter D. Bates, D.V.M. 


ABSTRACT  Retrograde passage of an intraluminal 
coronary artery probe to the proximal segment of the 
anterior descending coronary artery facilitates loca- 
tion of the vessel at operation. No related complica- 
tions have occurred in 18 patients in whom this ma- 
neuver was performed. This method reduces the 
required dissection time and the hazard involved 
when aortocoronary bypass to an embedded left an- 
terior descending coronary artery is necessary. 


The proximal segment of the left anterior de- 
scending coronary artery (LAD) can be difficult 
to isolate when it is embedded in epicardial fat 
or myocardium. The risks involved in dissec- 
tion of the LAD accentuate the danger of injury 
to important diagonal or septal branches when 
the LAD is embedded. In order to minimize 
patient risk, an intraluminal probe was em- 
ployed to facilitate accurate and rapid location 
of the LAD in patients requiring revasculariza- 
tion of the embedded proximal segment. 


Method 

Eighteen surgical patients with atherosclerotic 
disease of the proximal LAD are included in 
this report. We excluded no patient in whom 
the probe technique was employed. All 18 pa- 
tients had additional occlusive coronary vascu- 
lar disease. Two to five saphenous vein anas- 
tomoses were performed at each operation. The 
LAD stenoses were judged radiographically to 
be 80 to 100% obstructive. The diameter of the 
proximal LAD was measured at operation and 
ranged from 1 mm to 3.5 mm (mean, 2.2 + 0.5 
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mm) at the site of anastomosis. Operation was 
performed at normothermia in 7 patients, at 
30°C in 1 patient, and at 28°C in 10 patients. 
Hypothermic, hyperkalemic cardioplegia was 
employed in all patients [1]. Duration of car- 
diopulmonary bypass ranged from 74 to 197 
minutes (mean, 133 + 70 minutes). The aorta 
was cross-clamped from 40 to 111 minutes 
(mean, 72 + 20 minutes). 

Prior to cardioplegic arrest, when careful 
preliminary dissection did not expose the de- 
sired segment of the coronary artery, the most 
distal segment of the LAD was marked near the 
apex and just proximal to reflection of the vessel 
onto the inferior surface of the heart. Following 
arrest, a 1.5 mm longitudinal incision was made 
in the anterior wall of the distal LAD. A 1.0 mm 
flexible coronary artery probe was introduced 
retrograde into the vessel. The probe was ad- 
vanced proximally until a suitable site for graft 
anastomosis was located or until the stenotic 
segment was encountered. Probe advancement 
was accomplished with gentle rotational mo- 
tion. On several occasions the probe stem was 
bent slightly at its junction with the blunt tip in 
order to facilitate passage. Once the probe was 
suitably positioned, as determined by palpa- 
tion, the coronary artery was exposed by lon- 
gitudinal incision over the intraluminal probe 
tip (Fig 1). Then the anastomotic site was pre- 
pared in an appropriate fashion and the vein 
graft sutured in place. 

At the conclusion of the procedure, after 
blood flow to the LAD was restored, hemostasis 
at the distal arteriotomy was obtained. If the 
vessel was of adequate caliber, direct closure 
with simple interrupted sutures was accom- 
plished. Smaller vessels were closed by imbri- 
cation of epicardial tissue over the arteriotomy, 
using either interrupted Lembert or Halsted 
sutures (Fig 2). 

Postoperatively, all patients were monitored 
electrocardiographically for at least 72 hours. 
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Fig 1. A 1 mm coronary artery probe is advanced 
proximally from the distal anterior descending coronary 
artery. After the probe has been positioned well, as de- 
termined by palpation, the coronary artery is exposed 
and incised along the probe tip (see inset). 


Creatine kinase isoenzymes were measured at 
least twice on the day following operation, and 
a heart infarct scan using pyrophosphate tagged 
with technetium was performed two to four 
days postoperatively. 


Results 

No complications attributable to the technique 
have been encountered. Since we began using 
the technique of probe localization of the em- 
bedded LAD, we have found the technique 
useful in 18 (10.496) of 173 consecutive patients 
in whom aortocoronary bypass operation was 
performed. One patient, with widespread se- 
vere coronary disease and Class III congestive 
heart failure (New York Heart Association 
Classification), demonstrated minimal post- 
operative ischemia, as evidenced by CK-MB 
isoenzyme elevation, lactic dehydrogenase 
isoenzyme changes (LDH, > LDH,), an elec- 
trocardiogram suggestive of an anterior infarc- 
tion, and a heart infarct scan demonstrating in- 
creased uptake of pyrophosphate tagged with 





Fig 2. Reversed saphenous vein bypass to a deeply lo- 
cated anterior descending coronary artery (LAD). 
Hemostasis at the distal LAD 1s restored by imbricating 
tissue over the distal arteriotomy. 


technetium in the posterolateral region of the 
left ventricle. After initially recovering well, 
this patient subsequently died in congestive 
heart failure 9 months after operation. Another 
patient with diffuse coronary atherosclerotic 
disease continues to experience angina with 
stress. This patient and another have had coro- 
nary arteriography during the follow-up pe- 
riod. In both instances, the LAD graft was pa- 
tent and the LAD was patent at the site of the 
distal arteriotomy. Except as otherwise noted, 
no coronary events have occurred in this series 
of patients during follow-up (3 to 24 months). 


Comment 

In 1 of every 10 of our patients undergoing 
coronary revascularization, the major portion of 
the proximal LAD was deeply embedded in fat 
or myocardium. In some instances, the vessel 
may be located within a few millimeters of the 
right ventricular chamber. We believe that 
locating the desired LAD segment with an in- 
traluminal probe reduces the risk of inadvertent 
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injury to the vessel or to diagonal branches. The 
probe makes safe and expeditious location of 
the LAD possible and, therefore, helps avoid 
unnecessary prolongation of myocardial isch- 
emia and cardiopulmonary bypass. 

Although instrumentation of the LAD as de- 
scribed here could conceivably produce intimal 
damage, we have no clinical data that suggest 
that injury has occurred. Certainly, careful ap- 
plication of the technique is necessary to avoid 
damage to, or perforation of, the vessel. 

We have attempted to preserve patency of the 
LAD at the distal arteriotomy. Sacrifice of the 
vessel at such a distal point probably would be 
inconsequential unless the anterior descending 
artery, becoming recurrent over the apex, was 
to serve as a major regional vessel for the in- 


ferior wall and ventricular septum. That dis- 
tribution is a rare anatomical variation. 

Since the preliminary communication of this 
technique by Robinson [2], studies of its effi- 
cacy and safety have not been published. We 
think that our favorable experience with the 
method justifies its utilization when the pre- 
ferred site for aortocoronary bypass to the LAD 
is embedded in epicardial adipose tissue or 
myocardium. 
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COLLECTIVE REVIEW 


Auxiliary Heart Transplantation 


Fernando M. Jara, M.D., Luis H. Toledo-Pereyra, M.D., 
Joseph W. Lewis, Jr., M.D., and Donald J. Magilligan, Jr., M.D. 


ABSTRACT At the present time, the major obsta- 
cles in the successful clinical application of heart 
transplantation are the immunological attack on the 
allograft, the treatment of complications resulting 
from immunosuppression, and the supply of trans- 
plantable hearts. Recently, auxiliary heart trans- 
plantation has been proved to be a successful tech- 
nique for treatment of end-stage myocardial failure 
in humans. Here we review the experimental work 
in auxiliary heart transplantation leading to the pre- 
ent technique used in humans. 


The experimental work of Lower and associates 
[22, 23] provided the basis for the use of heart 
transplantation for end-stage myocardial failure 
in humans. However, in spite of the good re- 
sults reported in selected centers [3, 32], or- 
thotopic heart transplantation has a number of 
major drawbacks due to problems inherent in 
terminal cardiac failure [20]. These problems 
are associated mainly with the following three 
conditions: (1) severe elevation of pulmonary 
vascular resistance secondary to long-standing 
left ventricular failure or pulmonary emboli, as 
manifested by calculated pulmonary vascular 
resistance higher than 8 Wood units; (2) high 
incidence of acute rejections that might be dif- 
ficult to control in the first few weeks after 
transplantation [14]; and (3) use of extracor- 
poreal circulation during heart excision and 
transplantation. The first of these conditions 
precludes cardiac transplantation [32] because 
the normal unprepared right ventricle of the 
donor is unable to cope with high pressures ex- 
hibited by the recipient. 

For these reasons, various techniques of aux- 
iliary heart transplantation have been de- 
veloped in the laboratory. There are several ad- 
vantages to auxiliary heart transplantation over 
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orthotopic transplantation. (1) The technique is 
simpler. (2) Cardiopulmonary bypass can be 
eliminated in certain instances. (3) The recip- 
ient's right ventricle that can cope with high 
pulmonary vascular resistance remains in situ. 
(4) Some left ventricular function of the recip- 
ient's heart is preserved, and this could be criti- 
cal in maintaining the patient alive during pe- 
riods of acute rejection. (5) The removal of the 
transplanted heart is technically feasible in case 
of complications. (6) This technique can be 
used for less than moribund candidates. 

This review outlines the initial efforts in the 
development of auxiliary heart transplantation 
techniques and describes the major character- 
istics of the various thoracic and extrathoracic 
auxiliary techniques in experimental and clini- 
cal medicine. 


Extrathoracic Heart Transplantation 
Heterotopic heart transplantation has been the 
subject of research for many investigators. 
Among the first was Alexis Carrel [8], who on 
April 23, 1906, read a paper entitled "The Sur- 
gery of Blood Vessels, etc." before the Johns 
Hopkins Medical Society. In this paper he de- 
scribed the technique of vascular anastomosis 
and transplantation of several organs, including 
the heart. He wrote: "The heart was trans- 
planted in several different ways." This is an 
example: “The heart of a small dog was extir- 
pated and transplanted into the neck of a large 
one by anastomosis of the cut ends of the jugu- 
lar vein and the carotid artery to the aorta, the 
pulmonary artery, one of the vena cava and a 
pulmonary vein." Carrel observed effective 
contractions of the ventricles for an hour after 
operation. The transplanted heart beat at the 
rate of 88 beats per minute, while the rate of the 
normal heart is 100 per minute. 

Further experimental studies were not done 
until 1933 when Mann and his collaborators [25] 
repeated Carrel's experiments, but with some 
modifications. The left branch of the pulmonary 
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Carrel 


Fig 1. Techniques of extrathoracic auxiliary heart 
transplantation. See text for details. (CA = carotid ar- 
tery; JV = jugular vein; PA = pulmonary artery; A, = 
aorta; SVC = superior vena cava; IVC = inferior vena 
cava.) 


artery was anastomosed to the proximal end of 
the right jugular vein and the ascending aorta to 
either the proximal or distal end of the carotid 
artery (Fig 1). In general, after twenty-four 
hours, arrhythmias developed, and the heart 
gradually ceased to function. This technique 
has been used extensively only for pathological, 
immunological, biochemical, and electrocar- 
diographic evaluation of experimental cardiac 
transplantation [7, 11, 12, 16, 24, 31, 33, 37, 39]. 

From his vast experimental data, Demikhov 
[10] reasoned that the heart does not carry out 
its principle function, that is, to transmit ve- 
nous blood to the lungs and to distribute 
oxygenated blood from the lungs to the body, 
when it is positioned outside the thorax be- 
cause it does not communicate with the pulmo- 
nary circulation. Marcus and associates [26], in 
1951, suggested using an extrathoracic heterol- 
ogous cardiac graft that could function as an 
auxiliary pump to a limited region of the body 
to decrease the work load of the central heart, 
even if only temporarily. 

Using the advances in knowledge about 
diastolic augmentation [9, 17] and applying the 
technique of a single anastomosis developed by 
Stansel and Terino [34], Gannon and associates 
[13] were able to demonstrate diastolic aug- 
mentation with a single anastomotic cardiac 
allograft preparation placed in the abdominal 
aorta or descending thoracic aorta (see Fig 1). 
The atrium was closed with a pursestring su- 
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ture and the graft aorta was anastomosed to the 
host aorta end-to-side; the blood entered the 
left ventricle from both the coronary sinus 
through an atrial septal defect and through an 
insufficient aortic valve, and it returned to the 
host aorta through the graft aortic valve. 


Intrathoracic Auxiliary Heart Transplantation 
The technique of connecting a cardiac graft in 
the chest cavity has been investigated by sev- 
eral researchers mainly because this graft can 
be applied in a more physiological position, 
thereby obviating the problems of distention of 
the left ventricle observed by Mann and co- 
workers [25]. The technique was introduced by 
Demikhov [10], who, in a series of 250 canine 
experiments between 1940 and 1960, designed 
24 different techniques. There were some pro- 
longed survivals up to thirty-two days. His ex- 
periments were always carried out as a partial 
booster mechanism for the circulation after he 
had isolated the lung or part of one lung 
venous return to the transplanted heart. These 
experimental observations were not applicable 
to human heart transplantation. 

Intrathoracic auxiliary heart transplantation 
in "parallel" with the recipient was reported by 
Reemtsma [30] in 1964. This technique requires 
no extracorporeal support and no cardiac exci- 
sion. Further studies using this method were 
reported by McGough and colleagues [27]. They 
demonstrated that the grafted heart maintained 
circulation while the recipient's heart was in 
ventricular fibrillation, and showed that the 
transplant can assume all, none, or any propor- 
tion of the circulatory load. Thus, in the event 
of graft failure, the transplant can be removed 
and the recipient restored to the pretransplan- 
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Fig 2. Techniques of intrathoracic auxiliary heart trans- 
plantation. See text for details. (PV — pulmonary vein; 
PA = pulmonary artery; A, = aorta; RV = right ven- 
tricle; LV = left ventricle; RA = right atrium; LA = 
left atrium; SVC = superior vena cava; L = left; IVC 
= Inferior vena cava.) 


tation state. In brief, their technique is as fol- 
lows: The donor heart is implanted into the left 
hemithorax of the recipient animal with anas- 
tomosis of the superior vena cava of the donor 
to the right atrial appendage of the recipient. 
Then the left atrial appendage of the donor is 
anastomosed to the left atrial appendage of the 
recipient, and the ends of the pulmonary artery 
and aorta of the donor are anastomosed to the 
sides of the pulmonary artery and aorta of the 
recipient (Fig 2). McGough and associates [27] 
suggested that the principle of parallel circuitry 
could be applied similarly in the use of artificial 
hearts. 

Another technique of assisted circulation 
with an auxiliary heart transplant was reported 
by Barbero Marcial and colleagues [1]. Assis- 
tance was provided to the left heart of the re- 
cipient dog only in the following manner: the 
anastomoses were done between the left atrium 
of the recipient and the donor, the ascending 
aorta of the transplanted heart, and the de- 
scending aorta of the recipient animal, and the 
coronary sinus of the donor's heart was drained 
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into the lef atrium by means of an anastomosis 
between tne pulmonary artery and the left 
atrium. A number of hemodynamic studies 
were done in 8 dogs in order to evaluate the as- 
sistance of the auxiliary heart. In this experi- 
ment, it wes shown that if the recipient's heart 
works normally, the functional activity of the 
new heart s minimal; if the flow through the 
left ventricle of the recipient’s heart is progres- 
sively blocked by a balloon, the new heart as- 
sumes functional activity, attaining circulatory 
conditions equal to those present before the 
obstruction. 

A technique of circulatory assistance of all 
four cavities of the allograft connected to the 
equivalent vascular structures of the recipient 
was reported by Suros and Woods [36]. How- 
ever, this technique was very similar to that re- 
ported by Demikhov [10] in which the left lung 
of the recipient was vascularized only by the 
allograft. The technique was considered useful 
to study heart preservation, but too compli- 
cated to use in a clinical setting. 

Moore and Ross [28] studied the physiolog- 
ical performance of the left heart transplanted in 
parallel in 35 animals. In their technique, the 
pulmonary artery is anastomosed to the left 
atrial appencage and enables the coronary sinus 
blood to empty into the left atrium; then, 
through a left thoracotomy, the left atrium of 
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the two hearts are anastomosed side-to-side. 
The donor's aorta is anastomosed end-to-side 
to the recipient's descending thoracic aorta. All 
the dogs died in less than a week. These re- 
searchers suggested that synchronous pumping 
and changes in the pressure-pulse waveform at 
times increase afterload and may be detrimental 
to the injured recipient's heart. They suggested 
that synchronous pacing of the two hearts, 180 
degrees out of phase, offers effective counter- 
pulsation. Extensive experimental studies on 
the subject by Barnard and Losman [4, 19] led to 
the application of this technique in humans [6]. 


Clinical Auxiliary Heart Transplantation 

The donor's heart is removed using the same 
techniques described for orthotopic heart 
transplantation with some modifications [2, 
35]. The superior and inferior venae cavae are 
ligated, leaving a closed right atrial chamber in 
which the coronary sinus blood can collect; the 
aorta is divided distal to the left subclavian ar- 
tery in order to provide enough length to ex- 
tend from the recipient's right chest cavity 
across the superior vena cava to the lateral wall 
of the recipient's ascending aorta. In the recip- 
ient, the right chest cavity is opened widely. 
The superior and inferior venae cavae are can- 
nulated through the right atrium, and another 
cannula is placed in the ascending aorta. The 
patient is placed on cardiopulmonary bypass. 
The left atrium is opened near the superior vena 
cava and another opening is made in the 
donor's left atrium at the level of the left 
superior pulmonary vein; a side-to-side anas- 
tomosis is performed between these two 
openings; another anastomosis is performed 
between the ascending aorta of the donor's 
aorta and the right side of the recipient's as- 
cending aorta. The final anastomosis is per- 
formed between the donor's pulmonary artery 
and the base of the recipient's right atrium to 
drain the coronary sinus of the donor's heart 
(see Fig 2). The procedure can be done without 
cardiopulmonary bypass if no operation is re- 
quired in the recipient's heart. Assistance to the 
right side of the heart is achieved by anas- 
tomosing the stump of the donor's superior 
vena cava to the root of the recipient's superior 
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vena cava and by anastomosing the donor's 
pulmonary artery to either the right or main 
pulmonary artery of the patient. This technique 
appears to prevent the acute right heart failure 
seen during serious ventricular arrhythmias oc- 
curring in the recipient's heart [6]. 

Data from human transplants, as well as labo- 
ratory animals, using this technique, have 
shown that volume load and ventricular com- 
pliance and contractility are major determinants 
in the functioning of the recipient's and donor's 
hearts [6]. Afterload changes play a lesser role. 
The recipient's heart ejection fraction and 
maximal total cardiac output were improved 
significantly by sequential pacing. 

The main advantage of this technique with 
the clinical experience reported is better 
hemodynamics, especially in the immediate 
postoperative period when the donor's heart 
may be in the recovery phase of anoxia [6]. 
With orthotopic transplantation, the circulation 
remains below the optimal for days, probably 
due to anoxia and residual elevated pulmonary 
artery pressure. 

Signs of rejection and management of this 
complication may be easier to detect with the 
auxiliary heart. A drop in the electrocardiogram 
voltage is thought to be a major sign of rejection 
[32]. However, numerous factors can result in a 
fall in the electrocardiogram voltage [18]. With 
this technique, voltage changes in the trans- 
planted heart can always be compared with 
those in the recipient's heart. Although it is 
preferable to treat acute rejection as early as 
possible, there is not the same urgency in pa- 
tients undergoing left ventricular bypass since 
their circulation does not depend solely on the 
transplanted heart. Barnard and co-workers [5] 
reported the case of a patient in whom severe 
rejection of the transplanted heart occurred ten 
months after transplantation and in whom the 
recipient's heart was able to support the circu- 
lation during ventricular fibrillation of the 
transplanted heart. This indicates that a “rest” 
period of ten months was beneficial to the re- 
cipient's heart rather than causing so-called 
disuse atrophy. 

If rejection and infection become life- 
threatening, it is possible to remove the aux- 
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iliary transplanted heart without the use of 
cardiopulmonary bypass. On the other hand, it 
is possible to remove the patient's own heart if 
for some reason its presence becomes undesir- 
able. 

Left ventricular bypass was used for a patient 
with long-standing rheumatic heart disease 
who had two aortic valve replacements, experi- 
enced serious arrhythmias, and subsequently 
had bacterial endocarditis eighteen months 
postoperatively. He underwent resection of his 
own left ventricle and was reported asymptom- 
atic three years after cardiac allograft [21 ]. 
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CORRESPONDENCE 


To Pulse or Not to Pulse 


To the Editor: 

The suspicion raised by Mr. Kayser (Ann Thorac 
Surg 27:284, 1979) about possible blood cell trauma 
caused by high velocities through the arterial can- 
nula during pulsatile cardiopulmonary bypass is one 
that is frequently mentioned. Dr. Mavroudis gave a 
speculative reply but the answer can be derived from 
simple fluid dynamic analysis and, of course, from 
direct measurements. 

Using the Morton-Keele [3], Wardell-Keele, and 
Polystan pulsatile pumps, we have measured instan- 
taneous blood flow rates up to 500 ml sec"! during in 
vivo perfusion in dogs and pigs and when circulating 
a blood analogue through a model of the human car- 
diovascular system. In high-velocity flows, it is prob- 
able that blood cells are damaged by shear stresses. 
During pulsatile perfusion, the maximum shear 
stress generated in the cannula depends on the inter- 
nal diameter of the cannula, the peak flow rate, the 
shape of the flow waveform, the fluid dynamic vis- 
cosity, and the type of fluid flow—laminar, disturbed 
laminar, or turbulent. With currently available pulsa- 
tile pumps (and pulsatile flow was not defined 
in Dr. Mavroudis's article), it is unlikely that the 
peak flow rate of five times the mean cardiac output 
claimed by Mr. Kayser will be achieved during clini- 
cal perfusion. However, if we take this as an extreme 
example and make the further extreme assumption 
that the fluid viscosity is 3.0 cP during cardiopulmo- 
nary bypass, the laminar shear stress in the cannula 
is given as 7; = mw (du/dr), in which pw is dynamic vis- 
cosity, u is peak velocity, and ris cannula radius. The 
highest velocity gradients are generated when the 
flow is plug-like with the gradient confined to the 
boundary layer 0.2 r from the wall of the cannula [1]. 

It is advisable to use a wide-bore cannula in the 
aorta to avoid viscous damping of the pulsatile flow 
waveform; generally the internal diameter is 9.6 mm. 
Maximum wall shear stress calculated from these 
figures is 18 Nm ?. The minimum shear stress neces- 
sary for instantaneous blood cell trauma appears to 
be about 150 Nm * [2]. Thus the prediction is that the 


fluid velocities will not be high enough to damage 
blood cells as long as the flow is laminar. At the peak 
flow rate of 25 liters min™' and a 9.6 mm internal 
diameter cannula, Reynold's number is 19,600 so that 
conditions favoring turbulence prevail. However, 
these conditions are transient, and it is not known 
whether the time available between pulses is 
sufficient to permit the development of fully formed 
turbulent flow. On the other hand, at a mean flow of 
5 liters min! delivered by a roller pump, Reynold’s 
number remains stable around 2,920, still above the 
critical value of 2,000. Obviously, the analysis of tur- 
bulence is very complex but it seems that fully 
formed turbulent flow is more likely at high nonpul- 
satile flows than at equivalent mean pulsatile flows. 

The critical point is whether or not energy dissipa- 
tion is sufficient to cause cell trauma. In our experi- 
ence, pulsatile pumps are less traumatic than roller 
pumps, probably because the pumps we have used 
do not shear the cells in the pumping mechanism. 
Thus, the Morton-Keele hydraulically activated ven- 
tricle pump was only one-thirtieth as hemolytic as a 
DeBakey roller pump, and the Polystan flat-plate 
compression pump currently under test in our labo- 
ratory appears to be slightly less hemolytic than a 
conventional Sarns roller pump. 


G. Wright, Ph.D., and A. Furness, Ph.D. 


University of Keele and 
North Staffordshire Hospital Centre 
Stoke-on-Trent, England 
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REVIEW OF RECENT BOOKS 


Malpractice: A Trial Lawyer's Advice for Physicians 
(How to Avoid, How to Win) 

By Walter G. Alton, Jr., LL.B. 

Boston, Little, Brown and Company, 1977 

230 pp, $12.50 


Reviewed by Thomas G. Baffes, M.D., J.D. 


The author, Mr. Walter G. Alton, is well experienced 
in the field of malpractice. He has spent much time in 
New York City where he specializes in the defense of 
medical malpractice cases. His book is written as a 
friend to the physician, and in it he tries to explain to 
a physician who may be embroiled in a lawsuit the 
basic principles of malpractice as it is treated in the 
law today and some of the basic tenets of the theories 
that are used to sue physicians for malpractice. He 
describes his material in a relatively simple manner 
so that a physician who is a layman in the law can 
understand. He also takes time to explain some of the 
mechanisms and maneuvers used to try to obtain fair 
treatment for the physician as well as a just termina- 
tion of the litigation that is in hand. 

Finally, the author devotes considerable time to an 
explanation of some of the principles that physicians 
can follow to minimize their exposure to litigation for 
professional negligence. He takes the reader through 
some of the examples of the most frequent types of 
litigation, such as informed consent, product liabil- 
ity, abandonment, and the Good Samaritan Law in 
emergency situations, as well as some of the reasons 
why patients sue doctors. He explains these in a 
comprehensive way. For example, he provides a 
sample of an interrogation of a physician. He ex- 
plains the value of the use in court of an expert 
witness—what an expert witness is supposed to do 
and how he is used to prove a case. The author also 
takes the reader through many of the clinical situa- 
tions in the office and in the hospital and demon- 
strates the pitfalls that do occur in present practice 
and how they can be avoided. For example: 


Never send original records or documents; keep 
your records intact and send copies when you deter- 
mine that records must be provided. The same rule 
applies to x-rays. If possible, they should be copied 
and the originals kept in your office. If this is not 
feasible because of the number of films and the ex- 
pense involved, your films should be carefully 
counted, numbered, and delivered by messenger di- 
rectly to the physician requesting them; a receipt 
listing the identifying numbers of the films lent must 
be prepared by your office, signed by the physician 
receiving them, and returned to your office by the 
messenger; and a date must be agreed on for the 
return of the films. In order to insure the return of 
your x-rays, your secretary should call prior to the 
agreed-on date to arrange for their return by mes- 
senger. This agreement should be diaried so that it 
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will not be forgotten. A record of the numbers and 
quality of the films lent should be made in the pa- 
tient's chart in case the messenger loses or damages 
the films. This record, along with the signed receipt, 
will allow the secretary to check that all the films have 
been returned in good condition. Returned film 
should always be examined by someone in the office 
who can recognize whether they are copies or have 
been damaged. If any films have been damaged or 
are missing, or if copies have been returned in place 
of the originals, this occurrence must be recorded in 
the patient's chart and called to your attention. You 
should do what you can to correct the situation. The 
borrowing physician should definitely be notified. 
(pp 125-126) 


The author deals in depth with how to respond to 
contact from an attorney, especially the opposing at- 
torney: 


The first contact from an attorney is usually by let- 
ter. Your first step should be to call the attorney and 
inquire exactly what it is he seeks and why. You 
must always insist on a duly executed authorization 
from the patient before any discussion of the pa- 
tient's condition or your treatment takes place. If the 
patient's attorney is prosecuting an action for the 
injuries you are treating and wants you to testify 
concerning those injuries, your treatment, and prog- 
nosis, ask him to come to your office and discuss the 
subject with you. There is no need for written sum- 
maries or copies of your records to be transferred to 
him at first contact. The disadvantage of passing 
such information in writing is that it creates evidence 
that may be used to manufacture a claim against 
you, or that may be used against you on cross- 
examination in the patient's case against another 
party. (p 131) 


The author's succinct and comprehensive com- 
ments are illustrated by his summary of informed 
consent: 


A cause of action for lack of informed consent does 
not exist for all treatment. The doctrine of informed 
consent generally applies only to elective (non- 
emergency) treatment, including diagnostic proce- 
dures, involving invasion or disruption of the in- 
tegrity of the body. In my opinion this definition 
includes x-ray for diagnosis and treatment, although 
some states may limit it to only x-ray treatment. In an 
emergency situation, when time can mean the dif- 
ference between life and death or serious injury, an 
informed consent is not required. In effect, informed 
consent is presumed because of the dire conse- 
quences of not treating. This exception applies only 
to true emergencies, when in your judgment it would 
be impractical and possibly detrimental to attempt 
to obtain an informed consent. Examples are an 
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emergency appendicitis situation or sudden compli- 
cation requiring further surgery that arises during or 
immediately after a consented-to procedure. (p 107) 


Also worth illustrating are his suggestions for the 
type of physician who must be chosen as a covering 
physician and his comments on the need for ade- 
quate recording of the events, in the patient's treat- 
ment: 


Suppose you will be unavailable for a night be- 
cause you must go to Philadelphia for your daugh- 
ter's recital. You have two pregnant patients in the 
hospital who are ready to deliver at any moment. 
Each patient has special problems that you are 
monitoring. First, you must insure that the physician 
who covers for you is competent to handle these pa- 
tients. You cannot leave these women in the hands of 
another obstetrician, no matter how qualified on 
paper, if you feel that he would not be able to handle 
these patients' special problems or conditions. The 
patients retained you for your expertise and are enti- 
tled to no less in your absence. You should have 
confidence in your replacement's ability to treat the 
potential problems you are leaving him. (p 31) 


Like the anesthesia record, the operative report is 
almost always a vital piece of evidence in any suit 
involving allegations about surgery. Like the anes- 
thesia record, it is often neglected. It must be com- 
plete and detailed. When something unusual takes 
place in the operating room, great care must be taken 
to describe in detail everything seen and felt and 
everything that occurred. (p 94) 


Finally, the book is filled with practical sug- 
gestions on what the physician must learn to do in 
his day-to-day behavior in the treatment of his pa- 
tients both in the hospital and out of the hospital, in 
order to minimize his exposure. If a reading of this 
book suggests that many of the problems that the 
doctor has today are tactical in nature, then they can 


be greatly reduced by behavior modification. Mr. 
Alton has made a serious attempt to show us how to 
accomplish that behavior modification, and the book 
is well worth the time necessary to read it. 


Skokie, IL 


Coronary Heart Disease 

By Zeev Vlodaver, M.D., Kurt Amplatz, M.D., Howard 
B. Burchill, M.D., and Jesse E. Edwards, M.D. 

New York, Springer-Verlag, 1976 

584 pp, illustrated, $69.80 


Reviewed by Richard K. Hughes, M.D. 


This is a very impressive, large, profusely illustrated 
bock. Angiograms, examples of gross and micro- 
scopic disease, and drawings are on every page, and, 
clearly, the emphasis is on the illustrations. The text 
is limited, but pertinent. The extensive use of ab- 
breviations is bothersome, however, especially since 
much space is wasted on almost every page. The 
quality of the angiograms is disappointing in many 
places, but the variety of material portrayed is exten- 
sive. 

The book opens with a commentary on coronary 
anetomy as seen in angiograms. Variations of normal 
and diseased coronary arteries are described and il- 
lustrated. Case descriptions, including electrocar- 
diograms, angiograms, and pathological material, 
are used to portray various conditions, such as un- 
stable angina pectoris, acute myocardial infarction, 
and left ventricular aneurysm. One chapter is de- 
voted to reports on surgical revascularization. 

In essence, this volume is an atlas of the various 
subsets of ischemic heart disease. It is a reference 
book rather than a book to be read from cover to 
cover. 


Los Angeles, CA 


ANNOUNCEMENT 


New Requirements for Authors 


To facilitate manuscript preparation and to aid 
readers, The Annals of Thoracic Surgery has 
changed its bibliography form to sequential 
rather than alphabetical listing. Authors now 
must arrange their reference lists with each ref- 
erence numbered sequentially as it appears in the 
text. (Cite all authors if there are four or less; if 
five or more, provide the first three and use et al.) 
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Effective immediately, authors submitting 
manuscripts to The Annals of Thoracic Surgery 
must be prepared to transfer copyright for their 
article, if accepted, to The Society of Thoracic 
Surgeons, as a condition of publication. A form 
for this purpose will be published in the journal 
and should be completed and submitted with 
the manuscript. 


SEVENTEENTH ANNUAL MEETING OF 
THE SOCIETY OF THORACIC SURGEONS 


Los Angeles, CA 
January 26-28, 1981 


The Seventeenth Annual Meeting of The Society of 
Thoracic Surgeons will be held at the Los Angeles 
Bonaventure Hotel, January 26-28, 1981. 


Application for Membership 
(Deadline: September 1, 1980) 
Requests for application forms for membership in 
The Society of Thoracic Surgeons should be ad- 
dressed to Quentin R. Stiles, M.D., Chairman, 
Membership Committee, The Society of Thoracic 
Surgeons, 111 E Wacker Dr, Chicago, IL 60601. 
The completed application forms and supporting 
letters must be in the hands of the Membership 
Committee by September 1, 1980, for the applicant 
to be considered for election at the meeting next 
January. 


Call for Abstracts—1981 Meeting 

(Deadline: August 31, 1980) 

Abstracts for papers to be presented at the 1981 an- 
nual meeting are now being accepted. The deadline 
for receipt of abstracts is August 31, 1980. An original 
and 9 copies should be submitted, using the official 
Society abstract form (on verso of this page), to W. 
Spencer Payne, M.D., Chairman, Program Commit- 
tee (Abstracts), The Society of Thoracic Surgeons, 111 
E Wacker Dr, Chicago, IL 60601. Additional forms 
are available upon request from the Society. 
Abstracts must summarize an original contribution 
not presented or submitted elsewhere. Abstracts re- 
ceived after the deadline will not be considered. It is 
requested that the covering letter indicate the author 
who is to receive notice of acceptance or rejection and 
the author who will present the paper. 

Essayists are reminded that according to the 
bylaws of the Society, all papers accepted for pre- 
sentation: (1) must be submitted in duplicate to the 
Secretary at the time of presentation or to the Editor 
of The Annals of Thoracic Surgery prior to presenta- 
tion; and (2) become the property of the Society if 
they are accepted for publication, in which case they 
may not be published other than in The Annals of 
Thoracic Surgery. 

It is well recognized that abstracts frequently belie 
their content by virtue of poor organization, and as a 
result valuable contributions to the Scientific Ses- 
sions may be unrecognized. It is important that 
methods and results be clearly defined in the 
abstract; therefore, general statements such as “re- 
sults will be presented" are not acceptable. When a 
procedure or method is stated to have "advantages," 
those advantages should be defined. Abstracts that 
simply summarize results without defining objec- 
tives and methods are equally undesirable. 

Speakers for accepted papers are limited to 10 
minutes. 


Instructions for Abstracts 
The official abstract form printed on verso of this 
page and available from the Society, or photocopies 


thereof, must be used. Authors must categorize the 
principal subject of their abstract using the code at 
the top of the form, and insert the proper code in the 
box provided in the upper left corner of the form. 


1. Full names of authors must appear on the abstract. 

2. Institution or address is to be given, but omit ti- 
tles, degrees, and appointments 

3. Abstracts must be limited to 250 words and must 
be typed double-spaced. 

4. When percentages are used, the absolute numbers 
of derivation must be stated. 

5. The body of the abstract should include: 

a. A brief statement of the purpose of the study 
being presented, with reference to the current 
state of research in the field. 

b. The methods of study or experimental ap- 
proach, clearly but briefly defined. 

c. Asummary of the results and/or conclusions of 
the study, including sufficient details to sup- 
port those conclusions. 

d. A statement concerning the significance of the 
work and its possible implications for future 
research; "results will be presented” is unac- 
ceptable. 

6. The form must be signed by the senior author at- 
testing that the material will not be published 
elsewhere if accepted for publication in The An- 
nals of Thoracic Surgery. 


In discussion of papers, the Society encourages a 
healthy spirit of constructive critical review and re- 
buttal by comments pertinent to the content of the 
paper being presented. Presentation of discussion in 
the form of "secondary papers" will not be wel- 
comed. 


Call for Surgical Films 

(Deadline: August 31, 1980) 

The popular surgical movie program will again be 
presented at the Los Angeles meeting. The Program 
Committee hereby solicits the submission of surgical 
films, which may portray a surgical procedure or 
simply a technical maneuver that the surgeon thinks 
will be of interest to the Society. The film may not 
exceed 10 minutes in length. Sound movies are ac- 
ceptable but not necessary, and live narration by the 
principal surgeon is a requirement for participation 
in the movie night program. The movies may be on 
Super-8 or 16-mm film. The deadline for submission 
of films is August 31, 1980. Films also should be sent 
to W. Spencer Payne, M.D., Chairman, Program 
Committee, at the Society office, 111 E Wacker Dr, 
Chicago, IL 60601. 


W. Gerald Rainer, M.D. 
Secretary 
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“Gimmicks don’t impress me. 
High pe wm necne and reliability do. 


Now there's a new standard of performance and. | 
reliability in oxygenators. The Elliptical Model H T0 


Oxygenator from William Harvey. 


Based on design principles of the proven Model ` 





H-1000, our new Model H-1500 features innovative 


improvements in the oxygenating column 
and integral heat exchanger. 

The H-1500 employs elliptical tubes to 
achieve a new level of gentleness and 
effectiveness in the oxygenating and heat 
exchange pathways. 

As a result, O2 and CO: transfer rates 
are unmatched by any other oxygenator. 
And gas-to-blood flow ratios are greatly 
reduced. 

Another benefit of the H-1500 is 
extremely rapid heat exchange which 
substantially reduces re-warm time. 





The Elliptical Model H-1500. 
The shape of things to come. 


WILLIAM HARVEY®* 





ae 


And, while gas 

transfer and heat exchange 
efficiency have been significantly 
increased, priming volume has been 





dramatically reduced. 


Convenience has also been enhanc- 
ed with a complete line of accessories, 
including temperature probes, quick dis- 
connect couplings and an anesthetic 
gas scavenger. 

The new Elliptical Model H-1500 Oxy- 
genator from William Harvey. Featuring high 
performance never before available. And real 
reliability. 

It’s meant to impress you. 

For information contact your William 
Harvey representative or Call Toll Free 
800/854-3917. In California call 714/835-2422 


WILLIAM HARVEY, A Division of C.R. Bard, Inc., 1425 S. Village Way, Santa Ana, Califomia 92705 


"rystal-controlled timing makes CARDIOTEST today's wisest 
hoice in pacemaker test instruments. And its extra capabilities 
vill allow CARDIOTEST to test tomorrow's pacemakers too. For 
fffective pacemaker evaluation, you need a system tester more 
iccurate and more precise than the device tested — 
;ARDIOTEST. 


'ERSATILITY. CARDIOTEST is a three-in-one instrument 
vhich tests implantable pacers, measures threshold parameters 
ind tests implanted pacers noninvasively. 


\CCURACY. Threshold Testing: The CARDIOTEST pulse 
jenerator approximates the function of an implanted unit, for 
loser simulation of pulse generator performance. A variable 
iensitivity feature allows the full range from demand to 
isynchronous pacing. 


mplantable Pacer Testing: CARDIOTEST sensitivity 
neasurements are uniquely precise. Unlike competitors’ testers, 
2ARDIOTEST gives the implanting physician the assurance 

hat sensitivity is adequate at implant time. Voltage is measured 
it midpoint — a more accurate representation of real output 
ulse energy than at other points in the pulse. Because of this 
listinctive midpoint-measurement feature, CARDIOTEST can 
neasure voltage over the various pulse widths available with 
oday's pulse width programmable pacemakers. 


SECURITY. By testing the pacemaker with CARDIOTEST prior 
o implant, the physician can document the device's proper 
unction, without introducing more test equipment to the 
)perating room. 


ZASE OF USE. Pushbutton operation and compactness make 
his the most “human engineered" test instrument available. 
3right, readable digital display can be seen from across the 
oom — and LED indicators tell which parameter is being 
neasured. Easy to measure resistance — just push the button. 
No need to measure slew rate — CARDIOTEST's electronic 
bandpass filter compensates for frequency content of the 
R-wave. 


DISPLAY AREA — 

LED Digital Display 

LED Measurement Indicators 
PACE and SENSE LED Indicators 
Battery Low LED Indicator 


THRESHOLD TEST DEVICE — 
Control dials for adjusting rate, pulse 
width, voltage and sensitivity 
(asynchronous to full demand) 
parameters during patient pacing and 
threshold measurements. 


Pushbutton selectors for rate, pulse 
width, voltage and resultant current, 
resistance and cardiac R-wave 
measurements. 


PACER TEST DEVICE — 

Pushbutton selectors for rate, pulse 
interval, pulse width, voltage, paced 
and sensed refractory periods, and 
positive and negative R-wave 
sensitivity measurements of external 
or implantable pulse generators. 


NONINVASIVE TEST DEVICE — 
Pushbutton selectors for rate, pulse 
interval and pulse width 
measurements of an implanted 


_ pacemaker. 


Cardiac Pacemakers, Inc. 
4100 North Hamline Avenue 

$% St Paul, Minnesota 55164, U.S.A. 
INVOLVED IN MANKIND 
© 1979 Cardiac Pacemakers, inc. 
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Consistency is our hallmark. 

The time to discover off-grade tubing is at 
our facilities, not yours. That's why the scrupu- 
lous care with which we manufacture Tygon 
tubing extends throughout our rigid cuality 
control process. 

Norton employs dozens of intense cuality 
control checkpoints, each documented to pro- 
vide complete traceability. Sophisticated in- 
strumentation assures total uniformity of physi- 
cal quality. Which means you can depend on 
Tygon tubing to provide consistently excellent 
service. 


Supple yet strong 
— the perfect blend. 

Tygon S-50-HL tub- 
ing is specifically formu- 
lated for the rigors of 4 
extra-corporeal pump- 
ing. Each ingredient has pe 
been carefully selected 
to provide superior 
characteristics, such as 
good memory and re- 
sistance to spallation and rupture. 

The result is a tubing that combines the 
strength and durability required to withstand 
hours of pump abuse, with the flexibility 
needed for superior pumping performance . . . 
the best of both worlds. 





Laser-extruded 


for precision tolerances. 
To assure uniform E 
inner and outer diam- | 
eters, Norton employs 
sophisticated laser mi- 
crometers, which con- 
tinually monitor the 
tubing as it is extruded, © 
and can sense dimen- - 
sional variances up to 


+ .0004". 






37-088 


More importantly, these closed-loop feed- 
back laser systems actually control the extru- 
sion process for total uniformity. This helps 
prevent weak spots in the tubing wall, prime 
candidates for rupture. Plus, uniform tubing 
dimensions mean that flow rates can be more 
precise. 


Tested for biocompatibility to 


Class VI standards... and beyond. 


Tygon S-50-HL tubing has been extensively 
tested and documented for biocompatibility 
ever since its inception. Every batch of raw 
material is quarantined and rigorously tested 
by an independent laboratory before produc- 
tion can begin. 

Tests include those for acute toxicity, acute 
intracutaneous reactivity, intramuscular reac- 
tivity, pyrogenicity and neurological reaction. 
Any evidence of any trouble from any test and 
the entire batch of raw material is rejected. 

For your further assurance, we test Tygon 
tubing beyond what is required. We also test it 
for ethylene oxide residue, for hemolysis, for 
in-vitro coronary perfusion 
— including coronary flow 


TYGON 
rate, and myocardial con- — SP 
tractibility, and in-vivo 
blood pressure determina- 
tion. Again, if one ounce of 
trouble appears, all material pce 


is rejected. 


The assurance of Tygon tubing. 


Demand it. 

Don't be misled by claims of parity. There 
is only one tubing with more than 25 years of 
consistently excellent service backed up by a 
billion-dollar company . . . Tygon tubing. 

So you can be sure that you're using Tygon 
S-50-HL tubing, we brand every foot with 
formulation and size. If the tubing you use 
doesn't have these distinctive markings along 
its side, it’s not genuine Tygon tubing. 

There's no need to sacrifice the assurance 
and dependability that Tygon tubing brings to 
enjoy the convenience of pre-made heart- 
lung packs. All you need to do is specify it — 
by name. 





Tygon tubing... 
the vital link between patient and pump. 


Call toll-free 1-800-321-9634 


LLL PLASTICS AND SYNTHETIC DIVISION 


PO. BOX 350 AKRON. OHIO 44309 TEL: (216) 630-9230 


CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialities. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times the number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, to: Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, ABS certified, ABTS 
eligible, university trained, seeks association in group or 
partnership, or faculty position in university. No geo- 
graphical preference. Available from July, 1980. 


Please respond to W-207, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, mid 40s, extensive 
experience in cardiac, thoracic, and peripheral vascular sur- 
gery, presently member of established group, wishes to re- 
locate, preferably in new or developing program. ABS, 
ABTS. 


Please respond to W-215, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 36, wishes to relocate. Desires ac- 
tive university program or private practice with an 
academic bias. Principal interests are adult and pediatric 
cardiac surgery; extensively trained in all aspects of the spe- 
cialty in both US and overseas. In charge of two university 
programs to date. Currently in short-term research posi- 
tion. 


Please respond to W-218, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular-thoracic surgeon, 36, university trained, 
ABS, ABTS certified, wishes to relocate. Two years of pri- 
vate practice in cardiac, thoracic, and peripheral vascular 
surgery. No geographic preference. 


Please respond to W-219, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon in private practice of 
cardiac surgery for three years wishes to relocate. ABS, 
ABTS certified; no geographic preference. Will send cur- 
riculum vitae upon request. 


Please respond to W-220, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





A-34 


Experienced cardiac and thoracic surgeon, 41, seeking to 
relocate. Six years’ experience in an active private practice; 
trained at major midwestern university. ABS, ABTS cer- 
tified. Will consider all areas. Curriculum vitae upon re- 
quest. 


Please respond to W-221, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 34, ABS certified, ABTS eligible, 
university trained, publications, wishes to relocate. Experi- 
ence includes adult cardiac, thoracic, and pediatric cardiac 
surgery. 

Please respond to W-222, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic surgeon, 35, ABS eligible, seeks single specialty 
group, partnership or institutional practice. Northeast or 
West Coast preferred; other areas considered. Willing to do 
cardiac surgery. 


Please call (212) 893-4745. 





SITUATIONS AVAILABLE 


Cardiac surgeon with intense experience in open-heart sur- 
gery in infants and children and adult cardiac cases desired 
to join geographic full-time program with established 
university-affiliated cardiac surgical program. 


Send curriculum vitae with letters of reference to Norman B. 
Thomson, Jr., M.D., Director of Cardio Thoracic Surgery, 
St. Francis Hospital, Port Washington Blvd, Roslyn, NY 
11576. 


Associate sought in private practice limited to thoracic, pe- 
ripheral vascular, and pacemaker surgery. Metropolitan 
area on East Coast. ABTS certified or candidate. 


Please respond to Marvin L. Kolkin, M.D., P.A., 18111 
Prince Philip Dr, Olney, MD 20832; tel: (301) 924-4880. 


Fellowship in pediatric cardiovascular and thoracic sur- 
gery. One-year program beginning July 1, 1980, includes 
emergency newborn surgery as well as elective closed and 
open cardiac surgical procedures. 


Please respond with curriculum vitae to A-163, The Annals 
of Thoracic Surgery, C-7079 University Hospital, Ann 
Arbor, MI 48109. 





Fellowship in thoracic and cardiovascular surgery available 
1980. 


Contact Drs. Urschel and Razzuk, Baylor University Medi- 
cal Center, 3500 Gaston Ave, Dallas, TX 75246; tel: (214) 
824-2503. 





Fellowship in thoracic and cardiovascular surgery available 
in active program beginning July 1, 1980. 


Please respond to A-173, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiac and thoracic surgeon wanted for Midwest group. 
Practice limited to adult and pediatric cardiac and thoracic 
surgery. Board certification or eligibility required; univer- 
sity training preferred. 


Submit curriculum vitae and names and addresses of three 
references to A-174, The Annals of Thoracic Surgery, C-7079 
University Hospital, Ann Arbor, MI 48109. 


Second perfusionist wanted for developing cardiac surgery 
program in western Kentucky. Competitive salary and ben- 
efits. 


Contact David M. Lolley, M.D., Trover Clinic, Clinic Drive, 
Madisonville, KY 42431; tel: (502) 821-7171. 


Thoracic and cardiovascular surgeon wanted to join nice 
southern California practice limited to cardiac, thoracic, 
and vascular surgery. 


Please send curriculum vitae to KiHong Kwon, M.D., 2720 
N Harbor Blvd, Fullerton, CA 92635; tel: (714) 879-9170. 


Thoracic surgeon, Board-eligible or certified, wanted to join 
busy thoracic surgeon in the Boston area. 


Please respond to A-178, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic vascular surgeon needed for group of internists- 
cardiologists. Expertise in pacemakers; some general, no 
cardiac surgery. Must be ABS, ABTS eligible or certified. 
Located on Florida's Gulf Coast. 


Please respond to A-179, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon wanted to join a 
three-man group in private practice of cardiac, thoracic, and 
peripheral vascular surgery. Southern California. Must be 
ABTS eligible or certified and ABS certified. 


Please respond to A-180, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular surgeon wanted to associate with estab- 
lished cardiovascular surgeon in a southwestern practice. 
Applicant must be ABTS certified or eligible. 


Send curriculum vitae to A-181, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic residency in university hospital in north- 
eastern United States. Unexpected vacancy in two-year 
program for July 1, 1980. 


Please respond to A-182, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon in Los Angeles area 
seeking associate with cardiac surgery experience. Must be 
Board certified in general surgery, Board eligible or certified 
in thoracic surgery. 


Send curriculum vitae to A-183, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon with active cardiac, 
thoracic, and vascular practice in southern California de- 
sires associate. Prefers recent graduate, Board certified in 
general surgery, Board eligible in thoracic surgery. 


Please enclose curriculum vitae and respond to A-184, The 
Annals of Thoracic Surgery, C-7079 University Hospital, 
Ann Arbor, MI 48109. 





The Department of Surgery, University of Missouri- 
Columbia School of Medicine invites applications for fac- 
ulty position in cardiothoracic surgery. Must be ABS cer- 
tified and ABTS eligible. Clinical, teaching, and research 
responsibilities. Deadline: June 15, 1980. 


Direct inquiries and curriculum vitae to Donald Silver, 
M.D., Chairman, Department of Surgery, University of Mis- 
souri-Columbia Medical Center, Columbia, MO 65212. 
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INTERMEDICS PULSE GENERATORS 

INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse forma- 
tion and conduction disorders resulting in symptomatic 
bradyarrhythmias, tachyarrhythmias, and heart block unre- 
sponsive to drug therapy. 

PRECAUTIONS Implanted pacemakers have a finite and rela- 
tively wide variable service life as a result of factors such as the 
initial capacity of the battery and the shelf storage time of the 


manufactured pacemaker; variations in electrode system resis- 
tances, stimulation rate, and the percentage of time the im- 
planted pacemaker is inhibited; and random electronic 
component failures 

Pacemaker operation can be influenced by electric, magne- 
tic, or electromagnetic energy mimicking normal cardiac ac- 
tivity. In addition, certain environmental sources can couple 
sufficient energy into a pacemaker system to damage the pulse 
generator. Specifically, diathermy should not be used on 





pacemaker patients because of possible total inhibition of the 
pulse generator; electrocautery can inhibit and/or damage the 
pacemaker as well as cause burns or possible ventricular fib- 
rillation; defibrillation can damage the pacemaker, and the 
presence of the pacemaker may cause increased cardiac muscle 
damage from defibrillation. Certain electrical and gasoline- 
powered appliances can cause inhibition of an implanted 
cardiac pacemaker system 

For complete precautions, see the Physician s Manual for 





the Intermedics cardiac pulse generator to be used. 
CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a 
medical method for control of heart rate Body rejection 
phenomena, local tissue reaction or skin necrosis, muscle 
and nerve stimulation, embolism, and cardiac tamponade 
have been reported 

Neither of the models pictured are cardiac pacemaker 
patients. 


You want her pacemaker 


to be reliable, 


and she wants to wear her 
designer originals. 


Intermedics ThinLith.? 





A thinner, lighter pacemaker 
for your patient’s well being. 


No one has to tell you that a 
pacemaker implant raises a num- 
ber of concerns among your 
patients. One concern raany of 
your patients may share is, very 
simply, “How much will it show?" 
At Intermedics, we are cognizant 
of this concern. We've designed a 
series of pacemakers to help mini- 
mize appearance anxiety among 
your patients while giving you out- 
standing pacemaker reliability in a 
trimmer, more compact size. 

Clinical experience wth 
Intermedics unipolar ThinLiths 
demonstrates an averag? monthly 
failure rate of only 0.0105 per cent 
per month.” In addition, the lighter 
weight, reduced thickness and 
smoothly rounded corners reduce 
pocket bulge and add to the post- 
operative comfort of your patients. 


Also, the ThinLith design helps to 
reduce skin pressure necrosis and 
the chances of pacemaker migra- 
tion within the body. 

ThinLith. The answer to your 
concerns about reliability. And 
your patients concerns about 
appearance. 

Examine the dimensions of our 
ThinLiths, and assure your patient 
that she can still wear those desig- 
ner Originals. Contact your 
Intermedics representative for 
more information on the reliability 
of our ThinLith series. 


Typical dimensions of available ThinLiths 


Height Width Thickness Weight Volume 








(cm) (cm) (cm) — (g) (cm3) 
ThinLith II 6.0 4.6 1.1 68 27.5 
ThinLith IHI 5.1 4.6 LI 55 22 
Part of a Superior Pacing 


System From Intermedics. 


49 Intermedics Inc. 


PO. Box 617 
Freeport, Texas 77541 


Our business is life. '" 


ThinLith® is a registered trademark of Intermedics, Inc 
©Copyright 1980, Intermedics, Inc., Freeport, Texas 


"Based upon 56,997 device months’ 
experience post first 30 days. 





Ml Gentle Fow... 


Something new has been added to 
both the Bentley Q-220 and Q-220F 
randid Volume Cardiotomy Reservoirs. A unique parallel blood inlet 
housing, triangular in shape, now channels the incoming blood into a 
single stream which allows it to move smoothly and gently into the 
defoaming chamber; assuring an even, consistent blood flow throughout 
the reservoir. Possible blood trauma is reduced and the amount of viable 
blood elements returned to the extracorporeal circuit is maximized. 


Now, these widely used reservoirs are even more effective and Bentley's 
objective of optimal physiologic operation at maximum patient safety has 
been achieved. For additional information concerning Bentley Disposable 
Cardiotomy Reservoirs, call your Bentley representative, or contact: 


BENTLEY LABORATORIES, INC. 17502 Armstrong Avenue - Irvine, CA 92714 
Telex: 68-5503 BENT LAB IRIN 

Phone (800) 854-0567 

(In California call 800-432-7463) 





In Canada contact: BENTLEY LABORATORIES, CANADA 201 Consumer's Road, Suite 306 : Willowdale, Ontario 
M2J 468 - Phone (416) 497-8809 (416) 497-8815 

In Europe contact: BENTLEY LABORATORIES EUROPE Postbus 169 : Energielaan 3 - Uden, Holland 
Phone 04132-66995 - Telex 50117 NL 












Why should you? 


—— S 


_ Just one pathogen species mis: 
antiseptic can cause serious proble 


why scrubbing and prepping leave no room for - 


compromise with the quality of an antiseptic. 
A small difference in cost is not worth the risk. 


BETADINE Microbicides promptly kill 
ram-positive and gram-negative bacteria, 

ungi, viruses, protozoa and yeasts. 

BETADINE Microbicides have been 
documented specifically by name—and in the 
same formulations you employ in practice— 
in over 650 published reports encompassing 
thousands of clinical procedures. 

BETADINE Microbicides were also chosen 
by NASA for disinfection procedures in Apollo 
splashdowns and in the Skylab mission. 


— — — BETADINE Surgical Scrub*—for surgical 
scrubbing and patient degerming. 


— — BETADINE Solution or BETADINE 
Aerosol Spray—for patient prepping and 
postoperative antisepsis on incisions. 












Uncompromising 


antisepsis for scrubbing 
and prepping 


® 


® 


*In the rare instances of local irritation or sensitivity, 
discontinue use by the individual. 


Purdue Frederick 


© Copyright 1980, The Purdue Frederick Company/Norwalk, CT 06856 


225580 B9458 


Chosen for Use 
at the 1980 
Olympic 
Winter Games 





"HEANNALSOF 
"HORACIC SURGERY 








AU Gentle Flow... 


Something new has been added to 

| Sao both the Bentley Q-220 and Q-220F 
Expanded Volume Cardiotomy Reservoirs. A unique parallel blood inlet 
housing, triangular in shape, now channels the incoming blood into a 
single stream which allows it to move smoothly and gently into the 
defoaming chamber; assuring an even, consistent blood flow throughout 
the reservoir. Possible blood trauma is reduced and the amount of viable 
blood elements returned to the extracorporeal circuit is maximized. 


Now, these widely used reservoirs are even more effective and Bentley's 
objective of optimal physiologic operation at maximum patient safety has 
been achieved. For additional information concerning Bentley Disposable 
Cardiotomy Reservoirs, call your Bentley representative, or contact: 


BENTLEY LABORATORIES, INC. 17502 Armstrong Avenue - Irvine, CA 92714 
Telex: 68-5503 BENT LAB IRIN 
Phone (800) 854-0567 
(In California call 800-432-7463) 


In Canada contact: BENTLEY LABORATORIES, CANADA 201 Consumer's Road, Suite 306 - Willowdale, Ontario 
M2J 468 - Phone (416) 497-8809 (416) 497-8815 

In Europe contact: BENTLEY LABORATORIES EUROPE Postbus 169 - Energielaan 3 - Uden, Holland 
Phone 04132-66995 - Telex 50117 NL 





EIHICON 


Innovators in wound closure 





DISPOSABLE ` > SKIN STAPLER 





ha ped stainles 


as 








Touch skin lightly using 
centerline indicator and guide 
notch to ensure equidistant staple 
placement across the incision. _ 
Fire, release completely, and 
withdraw instrument with 
backward motion. 





THE ANNALS OF 
THORACIC SURGERY 


Official Journal of The Society of Thoracic Surgeons 
and the Southern Thoracic Surgical Association 








Volume 29 Number 6 June 198) 





Editor Herbert Sloan, M.D., University Hospital, Ann Arbor, MI 





John D. Steele, M.D., Editor 1964—19€9 





Associate Editors Richard K. Hughes, M.D., Los Angeles 
Marvin M. Kirsh, M.D., Ann Arbor 
Timothy Takaro, M.D., Asheville, NC 





Assistant Editor Richard M. Peters, M.D., San Diego, CA 





Editorial Board John R. Benfield, M.D., Duarte, CA 
P. Richard Carter, M.D., West Covinz, CA 
Richard E. Clark, M.D., St. Louis 
Richard J. Cleveland, M.D., Boston 
Anthony R. C. Dobell, M.D., Montreal 
F. Henry Ellis, Jr., M.D., Boston Benson B. Roe, M.D., San Francisco 
Thomas B. Ferguson, M.D., St. Louis Will C. Sealy, M.D., Durham 
Nicholas T. Kouchoukos, M.D., Birmingham, AL Andrew S. Wechsler, M.D., Durham 


Sidney Levitsky, M.D., Chicago 

Martin F. McKneally, M.D., Albany 

Hassan Najafi, M.D., Chicago 

Stanton P. Nolan, M.D., Charlottesville, VA 
E. Converse Peirce II, M.D., New York 


Administrative Editor 


Publisher 
Manager, Medical Journals 
Managing Editor 





Jeanne H. Tashian, Ann Arbor 





Little, Brown and Company, Boston 
Nancy Megley 
Harriet H. Watkins 








ISSN 0003-4975 The appearance of the code at the bottom 


Published monthly by Little, Brown and 
Company, 34 Beacon Street, Boston, MA 
02106. All rights reserved. Except as 
authorized in the accompanying 
statement, no part of The Annals of 
Thoracic Surgery may be reproduced in 
any form or by any electronic or 
mechanical means, including 
information storage and retrieval 
systems, without the publisher's 
written permission. Subscription rates 
per year: United States and possessions 
$39.50; Canada $40.50; elsewhere 
$42.50. Special rates for students, 
interns, and residents per year: United 
States and possessions $29.50; Canada 
$30.50; elsewhere $32.50. Institutional 
rates per year: United States and 
possessions $44.50; Canada $45.50; 
elsewhere $47.50. Single copies $5.00 
prepaid. Second-class postage paid at 
Boston, MA, and at additional mailing 
offices. Copyright © 1980 by The 
Society of Thoracic Surgeons. 


of the first page of an article in this 
journal indicates the copyright owner's 
consent that copies of the article may be 
made for personal or internal use, or for 
the personal or internal use of specific 
clients. This consent is given on the 
condition, however, that the copier pay 
the stated per-copy fee through the 
Copyright Clearance Center, Inc., for 
copying beyond that permitted by 
Sections 107 or 108 of the U.S. Copyright 
Law. This consent does not extend to 
other kinds of copying, such as copying 
for general distribution, for advertising 
or promotional purposes, for creating 
new collective works, or for resale. 
Beginning January 1, 1978, copying fees 
will be charged for material previously 
published in this journal according to 
fee rates on file with the Copyright 
Clearance Center, Inc. 

POSTMASTER: Send address changes to The 
Annals of Thoracic Surgery, 34 Beacon St, 
Boston, MA 02106. 


nternationatlly # 


for aortic valve replacement, the lonescu-Shiley Pericardial Xenograft has shown outstanding perform- 
ance characteristics in the mitral position as well. 


Actuarial analysis of mitral valve replacement data indicates excellent long-term survival. 
The embolic incidence is low even without the use of anticoagulant. 


In-vitro studies indicate hydraulic function superior to other tissue valve substitutes. 


For further information on the Pericardial Xenograft, contact your Shiley Representative — USA 
(714-979-0500), or International Representative — Telex No. 68-5585, or write: 


CALG 


Gs 


2 


NI 
Fw 
ogra] member of the open heart team 


oo oo Q 


^. 
[ep 


m 





Qq 
[9] 


` 
D 
D 


Editorials 


Original Articles 


Case Reports 


493 


497 


500 


502 


512 


519 


522 


529 


539 


546 


551 


JOD 


THE ANNALS OF THORACIC SURGERY Vol29 No6 June 1980 


Training, Examination, and Certification of a Thoracic Surgeon: A Position Paper 
The American Board of Thoracic Surgery 


The Membrane versus Bubble Oxygenator Controversy 
E. Converse Peirce, II, M.D. 


Valve Replacement in Children 
Alexander S. Geha, M.D. 


A Prospective Randomized Study cf Membrane 

versus Bubble Oxygenators in Children 

Robert M. Sade, M.D., David M. Bartles, M.S., James P. Dearing, B.S., 
Linda J. Campbell, R.N., and C. Boyd Loadholt, Ph.D. 


Aortic Valve Replacement in Preteenage Children 
J. Marvin Smith, III, M.D., Denton A. Cooley, M.D., David A. Ott, M.D., 
Wagner Ferreira, M.D., and George J. Reul, Jr., M.D. 


Long-Term Follow-up of Artificial Valves in Patients under 15 Years Old 
Juro Wada, M.D., Masayoshi Yokoyama, M.D., Akimasa Hashimoto, M.D., 
Yasuharu Imai, M.D., Nobuo Kitamura, M.D., Atsuyoshi Takao, M.D., 
and Kazuo Momma, M.D. 


Intraaortic Balloon Pumping in Children 
J. C. Pollock, F.R.C.S.(G), M. C. Charlton, R.N., W. G. Williams, F.R.C.S.(C), 
J. F. Edmonds, F.R.C.P.(C), and G. A. Trusler, F.R.C.S.(C) 


Tetralogy of Fallot Associated with Aortic Insufficiency 
Hikaru Matsuda, M.D., Katsuhiko IFara, M.D., Tohru Mori, M.D., 
Soichiro Kitamura, M.D., and Yasunaru Kawashima, M.D. 


Coronary Artery Bypass Grafts: Increased Flow in the Early Postoperative Period 
James T. Sturm, M.D., Norman J. Snow, M.D., Daniel W. vanHeeckeren, M.D., 
Julie A. Clayman, M.D., Terrance P. Forrigan, M.D., and Jay L. Ankeney, M.D. 


Does Cardioplegic Arrest Compromise Long-Term Left Ventricular Function? 
Kit V. Arom, M.D., Frederick L. Grover, M.D., and J. Kent Trinkle, M.D. 


The Flexible Fiberoptic Bronchoscope: Diagnostic Tool or Medical Toy? 
Frederick H. Taylor, M.D., Felix A. Evangelist, M.D., and B. Frank Barham, M.D. 


Palliation for Esophageal Carcinoma 
Steve G. Hubbard, M.D., Edward P. Todd, M.D., Ph.D., 
Marcus L. Dillon, M.D., and Ward O. Griffen, M.D., Ph.D. 


Successful Diagnosis and Management of Fistulas 

between the Aorta and the Tracheobronchial Tree 

Geoffrey M. Graeber, M.D., Maj, MC, USA, Bruce G. Farrell, M.D., 
John F. Neville, Jr., M.D., and Frederick B. Parker, Jr., M.D. 


[Contents continued on page A-7] 


A-5 






“Flow is im portant. 
Filtration is critical. 






With its 2,500 ml volume capacity, the H-700F — 
"provides ample storage for cardiac suction blood: 
There is no larger reservoir. So grin you need volume: 
you have it. 

The H-700F has six 14-inch ports for 
added convenience — more than any other. 
Our unique rapid prime port provides fast re- 
turn of left ventricular blood or quick addition 
of solutions that don't require microaggregate 
filtration. 

The William Harvey H-700F filtered car- 
diotomy reservoir. Providing good flow. And 


UEM V AIC. 


SUITS ! 

"t. The M« DOF car dic omy. reservoir has a 
tria two-stz ge filtration system consisting 
of a thin layer of polyester depth material and 
a 21-micron screen. Effective filter frontal 
area is the largest available. Our unique 
tangential entry system promotes gentle air/ 
blood separation. These features are int- highly efficient filtration. 

egrated in an optimal geometric design and It's of critical importance. 

result in high filtration and low blood flow re- rne Model H-700F. The optimum For more information contact your Wil- 
sistance. Now that's efficiency. filtered cardiotomy reservoir. liam Harvey representative. 






~ 


WILLIAM " HARVEY* 
WILLIAM HARVEY, A Division of C.R. Bard, 1425 S. Village Way, Santa Ana, California 92705 





562 


567 


How to Do It 570 


573 


575 


Collective Review 578 


Correspondence 589 
589 
589 
589 
590 


view of Recent Books 591 


591 


591 


Indexes to Volume 29 593 
595 


528 

538, 545 
A-21, 22 
A-23 
A-33 
A-34, 35 
A-35 


[Contents continued from page A-5] 


Simultaneous Repair of Anomalous Origin of the Left 

Coronary Artery from the Pulmonary Artery and Mitral Regurgitation 
Takashi Iwa, M.D., Yoh Watanabe, M.D., Takuro Misaki, M.D., 

and Hitoshi Yoshida, M.D. 


Entrapment of Leaflet of St. Jude Medical Cardiac Valve Prosthesis 
by Miniscule Thrombus: Report of Two Cases 
Luis Nunez, M.D., Alfonso Iglesias, M.D., and José Sotillo, M.D. 


Construction of Interposition Polytetrafluoroethylene Ascending Aorta- 
Pulmonary Artery Shunt 
James M. Ciaravella, Jr., M.D., and Frank M. Midgley, M.D. 


Simplified Technique for Intraaortic Balloon Insertion 
Fatih Zada, M.D., John C. McCabe, M.D., and Valavanur A. Subramanian, M.D. 


Transjugular Forceps Retrieval of Catheter Embolus 
Ronald L. Meng, M.D., Giacomo A. DeLaria, M.D., and Marshall D. Goldin, M.D. 


Selective Retrograde Coronary Venous Perfusion 
Mark S. Hochberg, M.D., and W. Gerald Austen, M.D. 


Left Ventricular Aneurysm, Massimo Villani, M.D. 
Anomalous Origin of RCA, Wieslaw T. Dubiel, M.D., and Lennart Johansson, M.D. 
Reply, David B. Lerberg, M.D. 

Graft Hemostasis, T. E. Theman, 7.R.C.S.(C) 

Continuous Suture in Valve Replacement, Javier Fernandez, M.D. 


Forgive and Remember: Managing Medical Failure, by Charles L. Bosk 
Richard M. Peters, M.D. 


Hospital-Acquired Infections in Surgery, edited by H. C. Polk Jr., and H. H. Stone 
Stuart Levin, M.D. 


Progress in Cardiology-7, edited oy Paul N. Yu and John F. Goodwin 
D. Craig Miller, M.D. 


Author Index 
Subject Index 


Notice from the Southern Thoracic Surgical Association 
Notices from the American Board of Thoracic Surgery 
Call for Abstracts, The Society of Thoracic Surgeons 
Information for Authors 

Copyright Transfer Form 

Classified Ads 

Index to Advertisers 


nother reason were called PACESETTER: 





Pacesetter 
Invents the 


Worlds First 
"Freedom 


of Choice 
Replacement 


Credit. 





a r Most pacemaker manufacturers offer some sort of 
warranty, of course. But these programs often do 
little more than limit the physician’s freedom to 
choose an alternate pacemaker for replacement. 


Until now. 


The startling new Pacesetter Systems “Freedom of Choice” 
Replacement Credit program provides a $500 credit to the 
account of the patient who receives a Pacesetter Pulse 
Generator, regardless of the make and power source explanted. 


This innovation from Pacesetter Systems — latest in a long 
succession of innovations in cardiac pacemakers and tech- 
niques —represents another major step forward in the providing 
of quality care for physicians and patients alike. Just what 
you've come to expect. From Pacesetter. 


\ — For more details on this exciting new program, contact your 
Pacesetter Systems representative, or call us direct at toll-free 
(800) 423-5611 (in California, 
call collect (213) 367-1911). 


AF 
a% E 
APA a 


— x 


sm Met 
O m < 
—— — MÀ 











| _Pacesett 
Systems 
VVi UNIPOLAR 


SYLMAR, CA. li 
& b. i 
i “Where reliability is a way of life" ” 
| A S/N D-1254 f 


Pacesetter Systems, lac. ^—77— 
12884 Bradley Avenue, Sylmar, California 91342 USA * Telex: 698415 (Paceseter Sylm) 


' 
i 
i 
Los 


LITHIUM PACER 














Consistency is our hallmark. 

The time to discover off-grade tubirg is at 
our facilities, not yours. That's why the &rupu- 
lous care with which we manufacture Tygon 
tubing extends throughout our rigid quality 
control process. 

Norton employs dozens of intense quality 
control checkpoints, each documented :o pro- 
vide complete traceability. Sophisticated in- 
strumentation assures total uniformity of physi- 
cal quality. Which means you can depend on 
Tygon tubing to provide consistently exzellent 
service. 


Supple yet strong 
— the perfect blend. 

Tygon S-50-HL tub- 
ing is specifically formu- 
lated for the rigors of § 
extra-corporeal pump- $ Ñ 
ing. Each ingredient has a 
been carefully selected 
to provide superior EE 
characteristics, such as 
good memory and re- 
sistance to spallation and rupture. 

The result is a tubing that combine: the 
strength and durability required to withstand 
hours of pump abuse, with the flex bility 
needed for superior pumping performance . . . 
the best of both worlds. 







Laser-extruded 
for precision tolerances. 


To assure uniform 
inner and outer diam- 
eters, Norton employs 
sophisticated laser mi- 
crometers, which con- 
tinually monitor the 
tubing as it is extruded, 
and can sense dimen- M 
sional variances up to 


+ .0004". 





cA MEM 
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:ASE OF USE. Pushbutton operation and compactness make 
his the most "human engineered’ test instrument available. 
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lo need to measure slew rate — CARDIOTEST's electronic 
iandpass filter compensates for frequency content of the 
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EDITORIALS 


Training, Examination, and Certification 
of a Thoracic Surgeon: A Position Paper 


The American Board of Thoracic Surgery 


The American Board of Thoracic Surgery was 
established in 1948 in recognition of the growth 
of the specialty of thoracic surgery and the need 
for reliable methods for training, examination, 
and certification. It was created initially as an 
affiliate board of the American Board of Sur- 
gery, and became an independent board in 
1971. This paper will summarize the basic con- 
cepts underlying certification of thoracic sur- 
geons and the current method of functioning of 
the American Board of Thoracic Surgery. 

As a general principle, when areas of spe- 
cialization develop in any civilized society, 
there is an obvious need to set standards of 
training, methods of examination, and certifi- 
cation in order to preserve the public safety. 
Numerous examples quickly come to mind, 
such as pure food and drug laws and certifica- 
tion of airplane pilots. In medicine, certification 
is unique since it is not prescribed by law but is 
voluntary. The objective of certification in dif- 
ferent medical specialties is to establish a stan- 
dard of competence that can be measured and 
evaluated over a period of time. Certification in 
thoracic surgery does not imply that only a cer- 
tified surgeon should perform thoracic surgery 
but indicates a special level of competence rec- 
ognized by his or her peers and acceptable to 
hospital committees in the appointment of 
medical staff. A monopoly is not created by this 
process. This distinction between physicians 
voluntarily defining a standard of competence 
and outside forces legislating a standard is fun- 
damental to the understanding of the certifica- 
tion process in medical specialties. 

To illustrate further with an extreme example, 
under existing law any physician graduating 
from medical school with a license to practice 
medicine in a state could attempt to remove a 
brain tumor or implant a heart valve without 
any special training whatsoever, if he were 
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foolish enough to do so. In some states attempts 
have been made to monitor the results of 
thoracic operations performed, but this is a 
very inconsistent and loosely structured effort. 
To establish a standard of competence, it is 
particularly important to define the abilities a 
thoracic surgeon should possess before per- 
forraing thoracic operations. 


Basic Concepts 

Certain basic concepts that have evolved in the 
training and certification of thoracic surgeons 
are enumerated in the following paragraphs. 
The basic goal of any examination and certifi- 
cat.on is to measure and certify competency. In 
thoracic surgery, the goal is to determine that 
the trainee has at least a minimum level of com- 
pezence to perform thoracic operations safely. 


1. The concept of a minimal level of compe- 
terce, rather than a uniform one, is important 
because it recognizes the wide range of ability 
that can exist. The minimal level of competence 
is that which a surgeon must possess to satis- 
factorily treat the common forms of thoracic 
d:sease, and that degree of skill achievable by 
r.ost surgeons who complete an adequate 
training program. The additional skills neces- 
sary to successfully treat unusual and complex 
diseases are not measured by the Board exam- 
ination. 

2. Determination of competency requires multi- 
ple areas of evaluation. A competent thoracic 
surgeon, like any medical specialist, must have 
several basic qualifications, including intel- 
kectual capability, emotional maturity, and 
adequate training in the surgical care of pa- 
tients with a wide variety of thoracic diseases. 
-ntellectual requirements include basic intel- 
Agence and factual knowledge essential for 
making decisions in the treatment of thoracic 
diseases, usually termed surgical judgment. 
Emotional characteristics include the discipline 
and the capacity to function under stress, such 
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as treating unexpected problems like a gunshot 
wound or complications from human error, 
even in the presence of personal fatigue or a 
transient illness. This is a key principle in 
treating many thoracic problems effectively; for 
example, with a gunshot wound of the heart, 
whether the patient lives or dies often depends 
on the surgeon's making multiple decisions 
rapidly and correctly. 

Several decades of experience have demon- 
strated that clinical training in a specialty is 
best done in a structured training program 
where a trainee is provided a broad range of 
experience combined with appropriate teach- 
ing. This training is usually two consecutive 
years in duration following a minimum of five 
years of general surgical training; however, an 
additional year or more may be necessary for 
some trainees. The adequacy of the training 
program is periodically surveyed, usually at 
three- to four-year intervals, by a national resi- 
dency review committee for that specialty. As 
different medical specialties have evolved over 
the past forty years, more than twenty separate 
residency review committees have been devel- 
oped, each designed to evaluate the quality of 
training needed in its particular specialty. 

At present there are at least four mechanisms 
through which competency in thoracic surgery 
is defined and measured, and quality control 
ensured. These include approved residency 
programs in thoracic surgery, certification by 
the American Board of Thoracic Surgery, and 
state and local hospital regulations. Recertifi- 
cation, constituting yet another method for 
evaluating competency, is discussed in a sub- 
sequent paragraph. 

Recognizing the complexities in the train- 
ing and evaluation of a thoracic surgeon, 
as well as the limitations of any single exam- 
ination, the Board will accept for examination 
only those trainees who are certified by the 
American Board of Surgery and who have also 
completed an approved residency training pro- 
gram in thoracic surgery. As this concept is a 
basic one, the function of the Residency Re- 
view Committee for Thoracic Surgery, which 
approves training programs, is described in 
detail in the next section. 

The concept that competency requires multi- 


ple levels of evaluation is further emphasized 
by the fact that a Board examination can deter- 
mine only whether the trainee has adequate 
experience and knowledge to perform thoracic 
operations safely. If this is judged to be the case 
by his passing the examination, the applicant is 
certified by the American Board of Thoracic 
Surgery. In subsequent years, however, his 
surgical results, reflecting judgment, must be 
evaluated at the state and local hospital level in 
the region where he practices. 

3. Continuing evaluation. With the rapid ad- 
vances in medical knowledge and the need for 
continuing education, the American Board of 
Thoracic Surgery constantly reviews its meth- 
ods of functioning and modifies them appro- 
priately. Major changes in recent years have 
included adoption of the principle of recertifi- - 
cation and also the use of a national profes- 
sional testing service to ensure that exam- 
inations are both reliable and free from bias, as 
described in the section "Methods of Func- 
tioning of the Board." The present rule regard- 
ing recertification is that all Diplomates cer- 
tified after 1975 must be recertified at ten-year 
intervals in order to maintain a valid certificate. 
The exact recertification process is currently 
being developed by the American Board of 
Thoracic Surgery. 


Residency Review Committee 
for Thoracic Surgery 
An important principle in graduate medical 
education is embodied in the concept of the 
residency review committees, which review the 
training programs in more than twenty medical 
specialties. The Residency Review Committee 
for Thoracic Surgery evaluates the training pro- 
gram, whereas the American Board of Thoracic 
Surgery evaluates the trainee completing the 
program. Each is completely independent of the 
other. As stated earlier, the American Board of 
Thoracic Surgery will accept trainees for exam- 
ination only after completion of training in an 
approved residency program, because exam- 
ination alone cannot possibly measure the 
multiple requirements for a competent thoracic 
surgeon. 

The Residency Review Committee for 
Thoracic Surgery is tripartite in composition 
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and is composed of six members: two from the 
American Board of Thoracic Surgery, two 
from the American College of Surgeons, and 
two from the American Medical Association. 
Training programs in thoracic surgery are eval- 
uated at least once every three years, more fre- 
quently if circumstances indicate. The Resi- 
dency Review Committee functions under the 
guidelines of the Essentials of Residency 
Training in Thoracic Surgery, developed and 
approved by the three parent organizations. 

The Residency Review Committee can- 
not change requirements for training pro- 
grams but can only suggest changes in re- 
quirements, which then in turn must be 
approved by all three organizations. In recent 
years, all decisions by the Residency Review 
Committee concerning approval or disapproval 
of residency training programs must be ap- 
proved by the Liaison Committee for Graduate 
Medical Education. This group also serves as 
the appeals body for residency training pro- 
grams. 

A detailed description of the residency re- 
view committee concept is beyond the scope of 
this paper, but certain features for training in 
thoracic surgery are fundamental. These in- 
clude a minimum period of training for two 
years in an approved program, following com- 
pletion of training in general surgery. For a 
program to be approved, it must provide a 
trainee with appropriate surgical experience, 
including both a certain number and variety of 
thoracic operations. The training must be in an 
appropriate teaching environment, which in- 
cludes a well-qualified program director and 
teaching faculty committed to surgical educa- 
tion. In addition there must be a progressive 
assumption of responsibility during the train- 
ing program, as contrasted with simple obser- 
vation or assisting at operations, to be certain 
that the trainee can operate adequately and in- 
dependently upon completion of the training 
program. 

Once a trainee has completed an approved 
program, application can be made to the 
American Board of Thoracic Surgery for exam- 
ination. This application must be personally 
signed by the program director, who certifies 
that the trainee is adequately prepared for ex- 


amina-ion. Both the completion of the training 
program and the approval of the program di- 
rector are crucial points in determining the 
trainee's competency in thoracic surgery. Es- 
sential "life-or-death" qualifications such as 
judgment, dexterity, and decision-making : 
under stress can best be measured personally 
by the program director and his faculty during 
the two years of training. 


Methods of Functioning of the 

American Board of Thoracic Surgery 

The American Board of Thoracic Surgery is 
an independent organization, legally separate 
from eny professional societies. A detailed de- 
scription is published in the Booklet of Informa- 
tion, which is revised annually. For brevity, only 
certain key principles will be described here. 

The American Board of Thoracic Surgery con- 
sists cf fifteen members elected from five dif- 
ferent organizations. The members serve a six- 
year term without pay or other compensation. 
The Board meets twice a year for one to two 
days at which time all official business is 
transacted. The minutes are officially recorded 
during the meeting by a stenographer. 

In addition, the Board constructs and ad- 
ministers an annual certifying examination to 
qualif.ed trainees. The examination is divided 
into two parts, presently given at two separate 


. times. The first part is a written examination to 


test fectual knowledge. The second part is an 
oral examination given after the written exam- 
inatioa has been satisfactorily passed, to test 
the use of basic knowledge in the management 
of pat:ents with thoracic disease. The examina- 
tion questions are developed by the Examina- 
tion Committee of the American Board of 
Thora-ic Surgery, working in conjunction with 
the staff of a national professional testing ser- 
vice. The examinations are subject to profes- 
sional psychometric review in order to evaluate 
their validity and reliability. 


Summary 

The training of a thoracic surgeon is a complex 
process, requiring a minimum of six to seven 
years. Reliable examination of the trainee is 
similarly complex, requiring evaluation by 
variocs methods at different periods of time. 
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Great care has been taken to keep the methods 
of examination free from bias and impartial 
by making the Residency Review Committee 
for Thoracic Surgery and the American Board 
of Thoracic Surgery completely independent 
organizations, unrelated to any other national 
professional organization. Using a national 
professional testing service as a consultant has 
been a valuable addition to the examination 
process, which assures that the questions used 
are reliable and effective and that the results of 
the examination are objectively assessed. 

The process of training, examination, and 
certification of a thoracic surgeon has evolved 
based on the experience obtained over the past 
three decades and has repeatedly proved to 
provide a satisfactory measure of competency 
in thoracic surgery. It is an achievement of 
which all thoracic surgeons can feel justly 
proud. Modifications in the structure and func- 


tion of the certification process will continue to 
be made as changes in our medical knowledge 
occur. 
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The Membrane versus 


Bubble Oxygenator Controversy 


E. Converse Peirce, II, M.D. 


On the basis of a prospective randomized study 
of membrane and bubble oxygenators that re- 
sulted in few differences in 60 consecutive op- 
erations in infants and children, Sade and co- 
workers (this issue, p 502) concluded that the 
theoretical physiological advantages of mem- 
brane oxygenators should not be a factor in 
deciding which type of device to use. Before ac- 
cepting this as a valid conclusion, it is neces- 
sary to consider if there are very undesirable 
effects of clinical perfusion, whether these are 
likely to be moderated by using a membrane 
device, and if the numbers of patients and the 
tests chosen by Sade and associates were ap- 
propriate and likely to justify their sweeping 
conclusion. 

In the clinical setting, postperfusion damage 
of vital organs such as the kidney, lung, and 
brain has not been uniformly recognized, but 
many reports do show that such problems are 
important [1, 3, 6-8, 12, 13, 15]. For example, 
Yeboah and associates [15] reported a 3096 inci- 
dence of postoperative renal impairment after 
open-heart operation, and Javid and colleagues 
[7] reported that at the time of discharge from 
the hospital, 1596 of patients who had had 
open-heart operation had neurological abnor- 
malities. Since there is much particle and bub- 
ble traffic in the arterial line [3, 4, 10, 12] and 
since 8596 of patients not surviving open- 
heart operation have been found by Hill and col- 
leagues [6] to have gross or microscopic changes 
indicative of emboli in organs at postmortem 
examination, the oxygenator is clearly impli- 
cated. Further strong evidence is provided by 
the recent report of Stoney and colleagues [13], 
who obtained, by means of a survey, postper- 
fusion data not heretofore available. There were 
429 recognized instances of arterial air em- 
bolism, 472 problems of disseminated intravas- 
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cular zoagulation, and 124 examples of outright 
oxygenator failure in 374,819 operations carried 
out in North America from 1972 through 1977. 
These accounted for approximately 1 death or 
permanent injury per 1,000 patients. 

Th» overwhelming evidence is that mem- 
brane devices produce less trauma to formed 
elements and proteins of blood, induce fewer 
bubbles and solid particles, and consequently 
are -esponsible for less organ damage than 
nonmembrane ones [3, 6, 9, 11, 14]. For exam- 
ple, aemolysis is an order of magnitude greater 
with bubble oxygenators than with membrane 
oxygenators, and there is a significantly greater 
loss of platelets and white blood cells also [9]. 
Red blood cell ghosts, damaged platelets, and 
whi:e blood cells are demonstrably pathogenic 
[2, 5, 14]. There is strong presumption that 
oxygenator-induced protein denaturation plays 
a pert in perfusion pathology [11]. Clinical evi- 
denze indicates that the bubble and particle 
trafic in the arterial perfusion line has 
pathophysiological import and is greater when 
a bubble oxygenator is used [3, 6]. Further- 
moze, there is very persuasive evidence that the 
level of trauma from the membrane oxygenator 
is dinically tolerable for many days while the 
safe perfusion period with the bubble oxy- 
gerator is measured in hours [11]. 

On the basis of previously published clinical 
coriparisons between membrane and bubble 
oxygenators, discussed by Sade and co- 
workers, it is clear that even sensitive indices of 
trauma, such as plasma hemoglobin, platelet 
counts and function, and white blood cell 
counts, wil not be very different unless the 
cardiotomy suction is greatly moderated or 
eliminated. This is, of course, difficult in a 
group of patients with congenital heart disease, 
pa-ticularly when 4096 are of the cyanotic type. 
It is unfortunate that in the study under 
scrutiny, the volume of cardiotomy suction was 
nct monitored nor was the degree of trauma in 
th» cardiotomy return blood determined. The 


497  0003-4975/80/060497-03$01.25 © 1980 by E. Converse Peirce, H 


498 The Annals of Thoracic Surgery Vol 29 No 6 June 1980 


use of microporous filters in the cardiotomy 
return line or in the arterial line could have 
muted differences produced by the oxygenators 
[4, 10, 12], but the authors do not state whether 
such filters were used. It is noteworthy that 
hemolysis was significantly less and that 
platelet counts were higher at all time intervals, 
thereby indicating that blood trauma was al- 
most certainly less in the membrane group. 
This has been the case with most clinical com- 
parisons of oxygenators. 

Many of the tests employed by Sade and col- 
leagues were predictably too insensitive or 
primarily dependent for their postperfusion 
differences on factors other than the type of 
oxygenator, such as the trauma of the operation 
or hemodilution. Also too insensitive are blood 
urea nitrogen (BUN), prothrombin time, partial 
thromboplastin time, urine volume, and intel- 
ligence tests. Variables related to blood re- 
placement are sensitive indices of operation but 
not of oxygenator differences. The hematocrit, 
total protein, albumin, glucose, fibrinogen, 
complement, and IgG show large changes 
as a result of hemodilution but are nondis- 
criminating as far as the oxygenator is con- 
cerned. Some of the tests would not reason- 
ably be expected to show differences unless 
preoperative control values were paired with 
postoperative ones. This is the case with 
creatinine clearance, shunt fraction (preopera- 
tive values would not be useful in the cyanotic 
group), pulmonary compliance, intelligence 
tests, and behavioral indices. Even if paired, 
most of these would not be very useful tests be- 
cause they are insensitive or not likely to vary 
with perfusion damage. For example, in a re- 
cent study [5] of renal failure after open-heart 
operation, 9 patients who later experienced 
renal failure had early creatinine clearance 
values of 67 + 12 ml per minute while the 
values for 30 patients without renal dysfunction 
were 96 + 12 ml per minute. These values are 
not greatly dissimilar to those of the present 
study and are not significantly different. In the 
same study, free-water clearance values were 
much more useful. They became significantly 
different during perfusion and remained so 
throughout an interval of eighteen hours, accu- 


rately predicting the later rise in BUN and 
creatinine in those patients in whom renal fail- 
ure developed. 

Although the behavioral tests in the pres- 
ent study showed significantly altered scores 
postoperatively, it would be necessary to use 
these tests with other surgical populations be- 
fore concluding that they are suitable for de- 
tecting perfusion-related problems, and they 
should, of course, be paired. An additional 
possible point of confusion is the fact that 
priming of the membrane device used may in- 
fluence the degree of blood trauma and initial 
bubble embolization. Experience and careful 
attention to the details, which include use of 
vacuum in the gas phase and flushing with car- 
bon dioxide, are important. These things are 
not mentioned in the study of Sade and co- 
workers and could easily not have been done 
optimally in such a small series. Finally, since 
identifiable postperfusion problems are rela- 
tively infrequent and since differences in fac- 
tors such as age, size, extent of cardiac lesion, 
and cardiotomy volume are probably large, it is 
unlikely that 60 patients, no matter how well 
studied and analyzed using contemporary tests, 
could provide any firm comparative conclu- 
sions. | 

Sade and associates present no evidence in- 
dicating that the membrane oxygenator is 
pathophysiologically inferior to the bubble 
oxygenator. What little positive information 
there is in this study, especially the reduced 
hemolysis, favors the membrane lung as being 
less traumatic. In addition, it is correctly 
pointed out that the membrane oxygenator is 
probably safer, providing increased protection 
against gas embolization. A shift to the mem- 
brane oxygenator, properly employed, could 
produce a real decrease in morbidity, organ 
damage, and death, but this would be appar- 
ent only after analysis of large numbers of pa- 
tients. The slowly increasing use of membrane 
devices, greater attention to moderating car- 
diotomy suction, appropriate blood filtration, 
and the development of more sensitive and 
specific tests for perfusion damage should make 
truly meaningful comparisons possible eventu- 
ally. In sum, although difficult to prove at the 
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present time, there are good reasons to regard 
the membrane oxygenator as superior and 
worthy of clinical use. Other things, i.e., cost 
and gross device function, being reasonably 
equal, the membrane oxygenator should be 
preferred. 
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Valve Replacement in Children 


Alexander S. Geha, M.D. 


Despite major advances in the manufacture and 
design of prosthetic cardiac valves during the 
last two decades, the ideal heart valve substi- 
tute remains to be realized. The problems asso- 
ciated with valve replacement in adults are 
shared by children, who also present specific 
problems related to growth, change in heart 
size, greater exposure to trauma, higher meta- 
bolic rates and rates of calcium turnover, and 
the prospect of childbearing in girls. The need 
to replace cardiac valves fortunately is in- 
frequent in children. “Aortic Valve Replace- 
ment in Preteenage Children" by Smith and 
colleagues (this issue, p 512) is an important 
report, which demonstrates the low mortality 
associated with replacement of the aortic valve 
in a relatively large series of 26 children less 
than 13 years old at the hands of an experienced 
cardiac surgical group. The operative mortality 
was similar to that in adult patients undergoing 
aortic valve replacement. 

Long-term results of valve replacement in 
children, however, leave much to be desired. In 
the authors' series, 3 of 20 surviving children 
(1596) for whom follow-up data were available 
from 1 month to ten years have died of causes 
related to the disease, if not to the valves per se. 
Another 3 have already required a secondary 


procedure, and 1 child needed replacement of a : 


calcified Hancock valve 18 months after its in- 
sertion by another surgeon. It is also of concern 
that no follow-up was available on 5 of the 25 
survivors in their series. These long-term re- 
sults justifiably dampen the enthusiasm for re- 
placing cardiac valves in children unless a val- 
vuloplasty appears to hold no promise or has 
proved to be unsatisfactory because of sub- 
stantial residual valvular gradients, incompe- 
tence, or both conditions. 

The authors are quite right that children do 
not tolerate aortic regurgitation well and that 
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residual aortic incompetence leads to dete- 
rioration of ventricular function. These condi- 
tions clearly call for replacement of the aortic 
valve. Whether replacement should be part 
of the initial surgical procedure in children 
with aortic incompetence associated with a 
ventricular septal defect, as advocated by the 
authors, is, however, still debated by many 
other pediatric cardiac surgeons. 

The choice of prosthesis in a child who needs 
replacement of the aortic—or any other 
cardiac—valve is a difficult one. The May, 1979 
and January, 1980 scientific programs of the 
American Association for Thoracic Surgery and 
The Society of Thoracic Surgeons, respectively, 
focused on presentations and discussions that 
indicate a high rate of relatively early dysfunc- 
tion and degeneration of porcine xenograft 
valves in children. Factors that may contribute 
to these failures were discussed in detail at 
these presentations and are reviewed in the re- 
port by Smith and co-workers. A tissue valve 
has the distinct advantage of avoiding antico- 
agulation with warfarin, a desirable feature in 
children. The authors recognize the poor po- 
tential of the xenograft porcine valves in this 
setting and enthusiastically advocate the 
Ionescu-5hiley bovine pericardial valve as a 
cardiac valve substitute. While this particular 
bioprosthesis has excellent hemodynamic 
characteristics, I find it too early to share their 
enthusiasm for it with so much gusto; even 


their experience with this valve in children is 


very short and small. This particular valve also 
has a rather high profile, a serious considera- 
tion in case of a small aortic root, a small left 
ventricular cavity, or both. In addition, it is ex- 
tremely unlikely that any bioprosthesis will 
have a very long range of durability, and the 
operative risk unquestionably increases in a 
geometric progression with the number of re- 
peat cardiac procedures in any given patient. 
This becomes even more serious when re- 
placement of the prosthesis has to be done 
through, or in conjunction with, an ascending 
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aortic graft, as in the authors' 5 patients with 
Marfan's syndrome. 

In the light of our present knowledge about 
various valvular prostheses, I believe that the 
choice of valve for replacement of a cardiac 
valve in a child should be individualized. In the 
individual patient, the advantages of durability 
of mechanical prostheses must be weighed 
against the danger of anticoagulation. Even the 
issue of anticoagulation of patients with aortic 
valve mechanical prostheses is becoming fuzzy 
again as some of the newer models such as 
the St. Jude valve (which is made entirely of 
pyrolitic carbon and has a very high annulus- 
to-orifice ratio) may require antiplatelet agents 
only. As a matter of fact, in the authors’ report, 
which included a variety of valve prostheses, 


no thromboembolic complications occurred in 
10 cFildren receiving antiplatelet agents and in 
14 others receiving no anticoagulant therapy; 
the only child who experienced postoperative 
thromboembolism was receiving warfarin. 

In patients in the first years of life, when dif- 
ficukies with anticoagulation are greater and 
the valves probably require changing within a 
few years because of rapid growth, the bovine 
pericardial prosthesis has distinct advantages. 
In the older child or adolescent and in the child 
witF Marfan's syndrome, the St. Jude prosthe- 
sis raay be the valve of choice, particularly if it 
proves to have a low incidence of thromboem- 
boliz complications with the use of antiplatelet 
agents. This may well be the case, especially 
when it is used in the aortic position. 


ORIGINAL ARTICLES 


A Prospective Randomized Study of 
Membrane versus Bubble Oxygenators in Children 


Robert M. Sade, M.D., David M. Bartles, M.S., James P. Dearing, B.S., 
Linda J. Campbell, R.N., and C. Boyd Loadholt, Ph.D. 


ABSTRACT We studied 60 children, 2 weeks to 10 
years old, prospectively by randomly assigning them 
to a SciMed membrane oxygenator or Harvey bubble 
oxygenator. Variables of cardiopulmonary bypass 
(CPB) were closely controlled: prime, circuit config- 
uration, flow rate, and blood gases. Blood variables 
measured at eight intervals before, during, and after 
operation were as follows: seven plasma proteins, 
free hemoglobin, formed elements, and clotting 
functions. Preoperatively and postoperatively, we 
evaluated brain function (psychological testing), 
renal function (creatinine clearance), and pulmonary 
function (compliance changes and postoperative 
shunt fraction). Postoperative blood loss, fever, and 
length of hospitalization were also evaluated. We 
compared 302 variables by computer program. 

No difference (p > 0.05) between the two groups 
was found in any variable related to CPB or organ 
function (pulmonary, renal, or cerebral) or in 
hematological variables except free hemoglobin. 
After 5 and 60 minutes of CPB and the next day, it 
was significantly lower (p « 0.05) in the group with 
a membrane oxygenator. Safety, cost, and con- 
venience, not physiology, should be the major fac- 
tors in considering membrane versus bubble oxy- 
genators for cardiac operations in children. 


Since the pioneering work of Clowes and asso- 
ciates [5], the membrane oxygenator has ap- 
peared to offer several advantages over bubble 
and film oxygenators. Clinical attempts to 
prove the advantage of one type of oxygenator 
over another have suffered because of poor de- 
sign: nonrandomization and nonconcurrence of 
patient groups, varying perfusion circuits, 
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wide variation in the constitution of the pump 
prime and the degree of hemodilution, poor 
control of physiological variables, and small 
numbers of patients leading to overly broad 
conclusions. 

Because membrane oxygenators that can 
compete economically with bubble oxygenators 
became available recently, we sought to gen- 
erate data that would allow the cardiac surgeon 
who operates on children to make a well- 
informed decision on the type of oxygenator 
that is best suited for children. We therefore 
carried out this prospective, randomized, 
physiologically controlled study of blood and 
organ function in children following open-heart 
operation with either a membrane or bubble 
oxygenator. 


Material and Methods 

Sixty consecutive children between 2 weeks 
and 10 years old were entered into the study 
during 1978. The patients were treated identi- 
cally before, during, and after operation [22] ex- 
cept for the type of oxygenator used. Each child 
was assigned to the membrane (Group 1) or 
bubble (Group 2) oxygenator in the operating 
room immediately prior to operation, by ran- 


dom table. Anesthesia was administered by 


one of six anesthesiologists by a method of his 
choice. 

The SciMed Kolobow membrane lung was 
selected as the membrane oxygenator because it 
is available in infant, child, and adult sizes, and 
its priming volume is comparable to the 
selected bubble oxygenator. The blood-gas 
interface oxygenator selected was the William 
Harvey disposable hybrid oxygenator; it too 
was available in a variety of sizes and in 1978 
represented the state of the bubble oxygenator 
art. 

The bypass circuits were kept nearly identi- 
cal, except for the oxygenators (Fig 1). The size 
of the pump tubing was determined by the size 


MS 
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Fig 1. The bypass circuits. (C = cardiotomy suction; R 
= Bentley 220 F reservoir; V = venous cannulas; RB = 
SciMed collapsible reservoir bag; P = Olson pump 
head; H = Travenol Miniprime heat exchanger; MO = 
SciMed oxygenator; F — Pall filter; A — arterial can- 
nula; BO = William Harvey oxygenator with internal 
heat exchanger.) 


of the patient. Partial pressure of arterial oxy- 
gen (PaO;) was monitored continuously with 
an in-line PaO, analyzer. Two cardiotomy suc- 
tion lines were used for patients with acyanotic 
heart disease and three for patients with cya- 
notic heart disease. 

.The prime for the reservoir, oxygenator, 
tubing, and filter was identical for the mem- 
brane and bubble oxygenator. Enough packed 
red blood cells were added to keep the bypass 
hematocrit above 2096, and enough Hartmann's 
solution with 1.2% hydroxyethyl starch was 
added to make a total volume of 1,250 ml for the 
infant oxygenator and 1,750 ml for the pediatric 
oxygenator. Enough heparin was added to the 
prime to permit a final calculated blood heparin 
concentration on bypass of 2.5 units per ml of 
blood. 

Cardiopulmonary bypass (CPB) was managed 
in an identical manner for both groups. Prior to 
cannulation, each patient received heparin, 300 
units per kilogram of body weight, and, when 
necessary, additional heparin was added dur- 
ing bypass to keep the activated clotting time 
(ACT) longer than the preheparinization ACT 


by a factor of 3.5 to 4.5. The bypass blood flow 
was maintained at 100 to 120 ml per kilogram at 
normcthermia, lower flows during hypother- 
mia; mean arterial pressure was kept between 
40 and 80 mm Hg. Deep hypothermia (18 to 
20°C) was used for all but the shortest opera- 
tions -o provide optimal myocardial protection 
and tc permit very low flow or circulatory arrest 


. when needed for optimal surgical exposure. 


The PaO, was maintained between 100 and 
200 mm Hg as nearly as possible and the partial 
pressure of arterial carbon dioxide (PaCO,) 
between 35 and 42 mm Hg. With the membrane 
oxygenator, PaO, was controlled by varying the 
inspired oxygen fraction (FIO,) between 0.21 
and 0.40, and the PaCO, was controlled by 
varying gas flow. With the. bubble oxygenator, 
PaO, was controlled by varying the flow of pure 
oxygen and the PaCO, by varying the FiCO, 
between 0 and 0.05. Sodium bicarbonate was 
added when the base deficit was excessive. The 
first sample of arterial blood gas was collected 
after the patient was initially stabilized at 
hypo-hermia on CPB and the second, after re- 
warring. All blood gases were corrected for 
temperature [20]. 

After termination of bypass, the residual 
hepa-in level was calculated by a heparin- ACT 
dose-response curve, and protamine was ad- 
ministered in a ratio of 1 mg for 100 units of 
remaining heparin. Fresh-frozen plasma was 
admmistered at the same time. 

A vigorous effort was made to reduce blood 
trauraa by using large-bore cannulas, checking 
occlusion of all pump. heads prior to bypass, 
and limiting cardiotomy suction to the min- 
imum amount necessary. All operations dur- 
ing this study were done by one surgeon 
and -he postoperative management of each pa- 
tient was carried out according to a standard 
protocol we have described previously [22], re- 
gard ess of the type of oxygenator. 

Sixteen variables of blood formed elements 
and chemistry were measured at intervals be- 
fore, during, and after operation. The pre- 
operative specimen was drawn on the day 
befo-e operation and the prebypass specimen, 
after heparinization but before the initiation of 
bypass. Additional specimens were collected at 
5 minutes and 60 minutes (when applicable) of 
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bypass, immediately after discontinuation of 
bypass, within 30 minutes after arrival in the 
intensive care unit, and on the morning of the 
first postoperative day. The length of operation 
and the duration of CPB and of aortic cross- 
clamping were recorded. The volume of drain- 
age from the chest tubes was recorded as was 
the amount of blood and blood products 
transfused during and after operation. 
Pulmonary compliance was measured with 
the thorax open before CPB and immediately 
before sternal closure by inflating the lungs 
with air (15 ml per kilogram) and dividing this 
volume by the plateau airway pressure at full 
inflation. Postoperatively, the lung and chest 
wall compliance was measured immediately 
after arrival in the intensive care unit by deliv- 
ering a tidal volume of 15 ml per kilogram by 
ventilator and dividing this volume by the peak 


pressure of ventilation. This measurement was | 


repeated 8 hours later. Determination of oxygen 
content and partial pressure of blood samples 
from the radial artery and pulmonary artery 
while FiO, was 1.0 permitted calculation of the 
pulmonary shunt fraction. 

Renal function was monitored by recording 
the urine output before, during, and after CPB, 
and by measuring the creatinine clearance for a 
12-hour period from 6 PM on the day of opera- 
tion to 6 AM on the first postoperative day. 

Cerebral function was measured on the day 
before operation and on the third to fifth post- 
operative days by careful neurological exam- 
ination, the Slosson Intelligence Test, and, in 
children older than 3 years, the Peabody Picture 
Vocabulary Test. Both of the psychological tests 
have been confirmed for validity and reliability 
in many studies over nearly twenty years [6, 
24]. We devised a behavioral rating scale, scor- 
ing each patient for orientation, sleep, activity, 
eating, and mood on a scale of 1 to 5. The be- 
havioral rating was carried out on the day be- 
fore operation and on the first, second, and 
third postoperative days. All psychological 
testing was carried out by a pediatric clinical 
nurse specialist who was trained for this pur- 
pose. | 

The rectal or oral temperature was measured 
every 4 hours. The highest temperature on each 
postoperative day was noted. 


All data were coded and entered into a com- 
puter program for one-way analysis of variance. 
We compared all variables in Groups 1 and 2. 
We compared Groups 1 and 2 within subsets: 
CPB for less than 90 minutes, CPB for more than 
90 minutes, the diagnosis of cyanotic heart dis- 
ease, and the diagnosis of acyanotic heart dis- 


ease. 


Results 

Throughout the tables and figures, variables are 
expressed as mean + standard error of the 
mean. The distribution of patient characteris- 
tics between Group 1 and Group 2 was not sig- 
nificantly different (Table 1). 

The variables pertaining to operation and 
CPB were also tabulated (Table 2). There was a 
small but significant difference in the pH of the 
first sample of arterial blood gas. The number of 
patients who received sodium bicarbonate in 
each group was not significantly different. 

The variables related to blood balance during 
and after operation are summarized in Table 3. 
No significant differences existed between the 
two groups. The larger transfusion of packed 
red cells in Group 1 was not statistically signifi- 
cant. It was probably related to the higher (not 
significant) proportion of cyanotic patients in 
this group; they tend to bleed more post- 
operatively then acyanotic patients. 

Studies of the formed elements and the 
biochemistry of blood were done at varying 
intervals before, during, and after CPB (Table 


Table 1. Patient Variables 


Group Group 

Variable 1 2 Significance 
No. of patients 25 35 NS 
Age (mo) 5+9 47Ł£7 INS 
Weight (kg) 16£2 13+1 NS 
Sex 

M 18 20 NS 

F 7 15 NS 
Race | 

W | 19 22 NS 

B 6 13 NS 
Cyanotic 12 12 NS 
Acyanotic 13 23 NS 


NS = not significant, p > 0.05. 
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Table 2. Variables during Operation and Cardiopulmonary Bypass 








Variable Group 1 Group 2 Significance 
Operation time (min) 326 + 41 299 + 18 NS 
Bypass time (min) 101 £ 12 E s NS 
Aortic cross-clamp (min) 55 7 50+ 5 NS 
Pump flow (ml/kg) 107 + 5 107 + 5 NS 
Circulatory arrest (n) 10 11 NS 
ABG 1 
pH 7.40 + 0.02 7.36 + 0.01 p < 0.05 
PaO, (mm Hg) 220 4 19 247 + 19 NS 
PaCO, (mm Hg) Zt l 392 I NS 
ABG 2 
pH 7.32 3: 0.02 7.34 + 0.01 NS 
PaO, (mm Hg) 188 t 21 206 + 18 NS 
PaCO, (mm Hg) 40 Xt 2 39+ 1 NS 
NaHCO, (mEq) 33 t 10 16 2 p « 0.05 
NaHCO; (n) 10 17 NS 
NS = not significant, p > 0.05; n = number of patients; ABG = arterial blood gas. 
Table 3. Blood Balance Variables 
Variable Group 1 Group 2 Significance 
Mediastinal drainage (ml) 329 + 45 244 + 30 NS 
FFP transfusion (ml) 473 + 51 376+ 43 NS 
Whole blood transfusion (ml) 623 + 88 654 t 102 NS 
Packed red cells transfusion (ml) 638 + 165 365 + 47 NS 


NS = not significant, p > 0.05; FFP = fresh-frozen plasma. 


4) Few significant differences appeared be- 
tween the two groups. Hemodilution and fluid 
replacement were similar, as reflected by the 
hematocrit and albumin levels (Figs 2, 3). Sig- 
nificant differences between Group 1 and 
Group 2 appeared in plasma hemoglobin 5 
minutes and 60 minutes after bypass began and 
on the first postoperative day. Although not 
statistically significant, differences existed at all 
other time intervals (Fig 4). Although the 
platelet count was significantly higher in Group 
1 before bypass was started, the differences 
disappeared during and after CPB (Eig 5). The 
only other significant difference in blood 
variables was 60 minutes after CPB began when 
the third component of complement (81C) was 
lower in Group 1 (Fig 6). This may have been a 
chance finding since the difference was pres- 
ent before CPB was initiated and persisted 
throughout bypass and afterward, though it did 


not achieve statistical significance at any other 
time. 

Differences could not be detected in organ 
function by the testing methods we used. Renal 
function was not significantly different (p > 
0.05) between the two groups as measured by 
urine output in the operating room (170 + 31 ml 
in Grcup 1 and 146 + 23 ml in Group 2) or by 
12-hour creatinine clearance done on the day of 
operation (109 + 15 ml per minute in Group 1 
and 96 + 11 ml per minute in Group 2). 

Pulmonary function also was not signifi- 
cantly different (p > 0.05) as measured by 
changes in static compliance with the chest 
open .n the operating room and in dynamic 
compl:ance with the chest closed in the inten- 
sive care unit. The percent change in static 
compl. ance before to after bypass was —19.8 in 
Group 1 and —12.6 in Group 2. The percent 
change in dynamic compliance from arrival in 


506 The Annals of Thoracic Surgery Vol 29 No 6 June 1980 


Table 4. Blood Variables 


pM CC GM PM C I CMM EM ee ee M EM CM EMEN CAM E MMC M ME M ae 


Plasma 
Hemat- White Lympho- Total Hemo- 
ocrit Blood PMN — cyte Protein Albumin globin 
Time Group (96) Cells/mm? (96) (96) (gm/dl) (gm/dl) (mg/dl) 
Preop 1 42.8 + 2.0 9.).4°0,5 40.0 43.1 50.3 + 3.4 102-04 4.8 + 0.1 
2 40.8 + 1.6 8.6 + 0.5 40.5 t 2.5 51.2 + 3.4 7.1 + 0.1 4.7 + 0.1 — 
Before CPB 1 35.2 £ 1.6 81-07 65.0 t 2.5 28.7424 (5540.2 3.3 + 0.1 190 0t 25 
2 35.9 + 1.6 8.5 + 0.5 60.1 + 2.8 32.9 + 2.4 5.5 + 0.1 3.3 € 0.1 212 * 1.8 
CPB 5 min 1 21.2 X 0.9 4.1 * 0.3 69.6 £ 2.9 23.7 t 3.6 2.8 + 0.1 1.8 € 0.1 18.1 £ 14. 
2 20.7 + 0.6 3.6202 71.1 £ 2.4 25.1 + 2.4 2,6 +01 1.8 + 0.1 "29.35 35 
CPB 60 min 1 21.4 + 12 4.2 + 0.4 72.33 3.5 20.7 + 3.9 2.9 + 0.2 1.8 x 0.1 38.04 34 
2 23.0 + 0.8 4.1 X 0.4 69.0 + 3.0 25.8 + 2.9 3.03502 1.8 + 0.1 "50.5 t 5.1 
After CPB 1 26.0 + 1.5 7.6 * 0.5 69.4 + 3.5 24.4 + 3.2 3.0 + 0.2 1.9 + 0.1 67.6 + 87 
2 24.4 + 07 6.6 t 0.5 732 t 1.6 19.3 + 1.7 3.0 € 0.2 19204 71.9 t 6.9 
ICU 1 39.4 + 1.7 12.3 + 0.9 76.0 £ 2.3 13.8 + 1.8 4.9 + 0.2 3,1 0.1 59.1 + 7.9 
2 39.2 + 1.4 12.0 + 0.6 75.9 3: 1.7 11.4 + 1.0 5.3 = 0.2 3.3+0.1 67.3 + 7.7 
Postop d 1 1 39.6 + 1.1 16.7 + 0.6 75.9 t 2.4 14.5 + 2.0 53202 3.6 +01 29.5 t 2.6 
2 387 + 1.0 15.7 + 0.6 69.5 + 1.7 15.3 + 1.2 5.8 + 0.1 3.8+0.1 *59.4 + 10.9 


_ * = significant difference, p < 0.05. 
’ PMN = polymorphonuclear neutrophil leukocytes; BUN = blood urea nitrogen; PT = prothrombin time; PTT = partial thromboplastin time; 


CPB = cardiopulmonary bypass; ICU = intensive care unit; IgG = immunoglobulin G. 
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Fig 2. Hematocrit at several intervals. (CPB = car- 
 diopulmonary bypass; ICU = intensive care unit; POD 
= postoperative day.) 


the intensive care unit to 8 hours later was 
—31.4 in Group 1 and —31.7 in Group 2. The 
pulmonary shunt fraction, calculated shortly 
after the patient’s arrival in the intensive care 
unit, was not different in the two groups: 0.29 
+ 0.02 in Group 1 and 0.33 + 0.02 in Group 2. 
Cerebral function as measured by intelli- 
gence testing (Table 5) and behavioral score was 
not significantly different in the two groups. 
Preoperatively, the behavioral score was the 
same in both groups, 1.0. On postoperative day 
1, it was 2.0 in Group 1 and 2.3 in Group 2; on 
postoperative day 2, 2.0 in Group 1 and 2.1 in 


4 
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Fig 3. Albumin in Group 1 (closed circle) and Group 2 
(open circle) at several intervals. (CPB = cardiopuimo- 
nary bypass; ICU = intensive care unit; POD = post- 
operative day.) 


Group 2; and on postoperative day 3, 1.6 in 
Group 1 and 1.7 in Group 2. Analysis of paired 
preoperative and postoperative results in indi- 
vidual patients also revealed no significant dif- 
ferences. No difference could be found in post- 
operative temperature pattern between the two 
groups (Table 6). 

We divided Group 1 and Group 2 into sub- 
sets based on certain patient characteristics. 
The subsets were cyanotic patients (n = 24) and . 
acyanotic patients (n — 36), and CPB time less 
than 90 minutes (n = 26) and CPB time greater 
than 90 minutes (n = 34). We compared the 


zi 


507 Sade et al: Membrane vs Bubble Oxygenators 








Comple- 
Hapto- Platelet Fibrino- ment 
globin Glucose BUN Count gen PIT. B1C IgG 
(mg/dl) (mg/dl) (mg/dl) 1mm? (mg/dl) (sec) (sec) (mg/dl) (mg/dl) 
93+ 4 365 + 29 223 t 11 12.3 + 0.2 34.6 + 3.1 
alee 93+ 5 a 339 + 29 211+ 6 12.2 + 0.2 29.8 + 0.8 M wee 
76.9 + 5.3 251 + 25 15.5 + 0.8 410 + 35 178+ 8 92 t4 598 + 50 
73.9 i 4.6 238 t 12 14.6 + 0.8 *325 + 25 167 t 4 99 T 5 636 + 56 
231 + 13 126 + 16 92 t 6 48 X3 311 + 21 
232.4 B 118+ 7 92+ 4 5242 348 + 25 
3C9 + 16 114 + 19 85+ 6 47 +2 311 + 24 
203 Ł 13 4x. 99+ 5 Jo t3 390 + 37 
285 + 14 124 + 14 lt 7 513 352 + 27 
304 + 16 — 111 + 18 107 + 7 jd Tm 532 371 + 26 
21:9 + 15 13.1 + 0.6 145 + 19 170 + 11 14.0 + 0.4 39,6 £ 3.5 80 + 4 622 + 35 
-— 250 + 23 12.1 + 0.7 114 + 11 161+ 6 14.4 + 0.4 36.7 + 2.5 86 +3 683 + 30 
52.9 £ 4.1 lel t 6 116 + 16 266 + 21 14.8 + 0.5 37.8 239 87 + 6 §36 + 33 
55,5° 2 3 186 + 14 99 + 12 243 £15 14.7 + 0.8 33.5 £ 1.7 86 t5 591 + 41 
; cop 1 
70 i [ 
Pa ! : ME 
3 50 i = p<05 
g = 
i a , = Do 
E 30 $ = p<. $ ; : I 
nr$ ,., ii E^ i $s e d 
10 p< .05 
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Fig 4. Plasma hemoglobin in Group 1 (closed circle) and 
Group 2 (open circle) at several intervals. (CPB = car- 
diopulmonary bypass; ICU = intensive care unit; POD 
— postoperative day.) 


variables of each of the subsets in Group 1 with 
those of the corresponding subsets of Group 2. 

In the cyanotic subset, the only significant 
difference was in the white blood cell count 
after CPB. In Group 1, it was 8.7 + 1.1 and in 
Group 2, 4.8 + 0.5 (p « 0.01). In the acyanotic 
subset, some proteins were significantly (p « 
0.05) lower in the membrane than in the bub- 
ble group on the first postoperative day: total 
protein, albumin, complement f81C, and fi- 
brinogen. No other important differences were 
found. 

In the subset with short bypass time, the 


Pre CPB CPB CPB 
B min 60 min 


Post CPB ICU POD 1 


Fig 5. Platelet count in Group 1 (closed circle) and 
Gro4p 2 (open circle) at several intervals. (CPB = car- 
diorulmonary bypass; ICU = intensive care unit; POD 
= postoperative day.) 


plasma hemoglobin after 60 minutes of bypass, 
the immunoglobulin G after 60 minutes of 
bypass and in the intensive care unit, and the 
total protein and albumin on the first post- 
operative day were significantly (p < 0.05) 
lower in the membrane than in the bubble 
grcup. In the subset with long bypass time, 
there were no important differences between 
the two groups. | 

During the course of the study, 5 patients 
died, 2 in Group 1 and 3 in Group 2. No déath 
wzs related to CPB; all were related to the com- 
plexity of the congenital heart lesion. The data 
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Fig 6. Complement BIC in Group 1 (closed circle) and 
Group 2 (oven circle) at several intervals. (CPB = car- 
diopulmonary bypass; ICU = intensive care unit; POD 
= postoperative day.) 


Table 5. Psychological Testing 


Signif- 

Test Group 1 Group 2 icance- 
SIT 

Preop 95.4 +.5.3 96.7456 NS 

Postopd 3 9%4.6+61 91.8+6.0 NS 
PPVT 

Preop 91.3443 876+46 NS 

Postopd3 90.2453 88.2+3.9 NS 


SIT = Slosson Intelligence Test; NS = not significant, p > 
0.05; PPVT = Peabody Picture Vocabulary Test. 


from these 5 patients were included insofar as 
they were available. 


Comment 

The concept of extracorporeal circulation with a 
membrane oxygenator has held out the promise 
of marked improvement in the physiology of 
CPB for more than twenty years [5]. In any 
oxygenator in which there is direct contact be- 
tween blood and gas, protein denaturation and 
cell membrane damage occur at the blood-gas 
interface [12, 13]. The physiological problems 
this may create are destruction of clotting fac- 
tors, deficiencies of the immunosurveillance 
system [8], hemolysis [19], and destruction and 
dysfunction of platelets [7, 25]. Furthermore, 
intermixing of gas with the blood stream may 
increase the likelihood of gas and fibrin mi- 


POD 1 


Table 6. Peak Daily Temperature 


Postop 

Day Group 1 Group 2 Significance 
1 101.6 + 0.2 102.002 NS 

2 101.5 + 0.2 101.8+0.2 NS 

3 101.6 € 0.2 100.9 £0.3 NS 

4 101.2 € 0.3 100.9403 NS 

5 101.3 + 0.2 101.3 - 0.5 NS 

6 101.0 + 0.2 1011+0.2 NS 

7 101.4 + 0.3 1009+0.3 NS 


NS = not significant, p > 0.05. 


croemboli [21] or massive gas embolization. The 
creation of vasoactive polypeptides and release 
of such vasoactive compounds as histamine 
and serotonin may lead to pulmonary darnage 
[28] in the form of pulmonary vasculitis [16], in- 
creased interstitial water, and increased pul- 
monary vascular resistance [27]. Brain and other 
organs may be damaged because of the pres- 
ence of microembolization of gas and solid 
by-products of the interaction of blood and gas 
[1, 2, 11]. 

In theory, the membrane oxygenator can re- 
duce blood and organ damage by interposing a . 
barrier between blood and gas to which de- | 
natured protein can adhere rather than be: 
returned to the blood stream [12, 26]. Ex- 
perimental and clinical experiences have 
documented the effectiveness of membrane 
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oxygenators in achieving this goal, and the 
place of membrane oxygenators for partial CPB 
for long-term support is well established [9, 10]. 
The question of whether the advantages of 
membrane oxygenation exist when it is used for 
routine open-heart operation has been contro- 
versial. Several studies have compared mem- 
brane with bubble oxygenators clinically, but 
most of these studies were not well randomized 
or were physiologically poorly controlled [3, 4, 
7, 14, 17, 18, 23, 27]. Some studies have sug- 
gested improved physiology with the mem- 
brane oxygenator [3, 4, 14, 17, 23] and others 
have failed to show a difference [4, 7, 18, 27]. 
Only one comparative study has been done in 
children [17]. 

Several membrane oxygenators are now 
available and are economically competitive 
with existing bubble oxygenators. Most manu- 
facturers have models in pediatric and adult 
sizes, and claim a major physiological advan- 
tage for patients who undergo open-heart oper- 
ation with a membrane oxygenator. Our study 
shows that for the pediatric age group, this 
claim is not justified. The only important dif- 
ference we could demonstrate between the 
membrane and the bubble groups was in the 
plasma hemoglobin level. Although statistically 
significant, the differences were not large and 
probably have little clinical importance. The 
differences in blood proteins found in the 
acyanotic and short bypass subsets actually fa- 
vored the bubble oxygenator. We emphasize, 
however, that we used the 5% level as the 
criterion of significance; therefore, we would 
expect 1 of every 20 variables to show a signifi- 
cant difference due to chance alone. The differ- 
ences we demonstrated in the subsets and in 
the groups as a whole may well have been due 
to chance since no systematic and persistent 
differences were found, except in plasma he- 
moglobin. 

The Slosson Intelligence Test [24] and Pea- 
body Picture Vocabulary Test [6] have long 
been standards of intelligence and cerebral 
function in children. They have, to our knowl- 
edge, not yet been used to evaluate open-heart 
operation in children. Other tests of intelli- 
gence have been used in adults and have shown 
that extracorporeal circulation is associated 


with a high incidence of central nervous system 
damege [11], presumably due to microvascular 
damege [2]. Measuring cerebral function in 
children, especially infants, is difficult and un- 
certain; we therefore devised and used an ob- 
jective test measuring five aspects of behavior 
in children of all ages. The test has not been 
valicated in large numbers of children, but the 
fact that the score showed progressive im- 
provement from the first to the third post- 
operative day in both groups suggests that 
som2 aspect of cerebral function was being 
measured. 

We cannot be certain that the tests we used to 
measure renal, pulmonary, and cerebral func- 
tion were sufficiently sensitive to detect subtle 
differences between the groups. We were, 
however, looking for clinically important dif- 
ferences, for which our tests probably were 
sensitive enough; we found none. 

Ve were surprised to find as few differences 
as we did between Groups 1 and 2 in view of an 
impressive body of data documenting the 
superior physiology of the membrane oxy- 
gerator. This lack of difference is probably 
related to the fact that the oxygenator is not the 
major source of blood trauma during open- 
heart operation. Contact of extracardiac blood 
with the pericardium [15, 23] and the use of 
cardiotomy suction are important sources of 
blcod trauma. Virtually all operations for con- 
genital heart disease take place within the 
chambers of the heart and require a relatively 
larze amount of cardiotomy suction. This is es- 
pecially true of cyanotic heart disease in which 
there is usually increased pulmonary collateral 
blood flow. Despite vigorous efforts to avoid 
pericardial spillage and to limit the use of car- 
diotomy suction, they remain important as- 
pects of almost all operations in children. For 
these reasons, it seems likely that the physiol- 
ogy of membrane oxygenators will be of greater 
advantage during operations such as coronary 
bypass in which there is little exposure of blood 
to nonvascular structures, than during opera- 
tions for congenital heart disease. Current 
techniques for returning shed blood to the 
pump from the pericardium and cardiac cham- 
bers are at best primitive; membrane oxygena- 
tion is not likely to be of physiological benefit 
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to children undergoing heart operation until 
vast improvement is made in our methods of 
cardiotomy suction. 

During the course of this study, we noted 
certain advantages of the membrane over the 
bubble oxygenator. Gas exchange is controlled 
more precisely with the membrane than bubble 
oxygenator, and separate control of PaO, and 
PaCO; is possible. The membrane oxygenator 
offers an additional degree of protection from 
the possibility of massive air embolization. 
Disadvantages of the membrane oxygenator 
were that its setup time is about 20 minutes 
longer than the bubble oxygenator, and it is 
more complex to operate. There is a potential 
for internal shunting with the SciMed oxy- 
genator due to membrane shift that can lead 
to ventilation-perfusion maldistribution. Al- 
though we observed this phenomenon sub- 
sequently, it did not occur during the period of 
the study. 

We believe that there are differences between 
membrane and bubble oxygenators; the ad- 
vantages of the membrane oxygenator have 
been amply documented over the last twenty 
years. We have observed, however, that there 
are no clinically important differences in the 
variables of hematological and organ function 
that we have measured. We conclude that 
selection of an oxygenator for open-heart oper- 
ation in children should be on the basis of cost, 
convenience, and safety. Since we have been 
unable to demonstrate an important physio- 
logical difference between them, the theoretical 
physiological advantages of membrane oxy- 
genators should not be a factor in this deci- 
sion. 
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Aortic Valve Replacement in Preteenage Children 


J. Marvin Smith, III, M.D., Denton A. Cooley, M.D., David A. Ott, M.D., 
Wagner Ferreira, M.D., and George J. Reul, Jr., M.D. 


ABSTRACT During the last 15 years, 26 children 
who ranged from 4 to 12 years old underwent sub- 
coronary aortic valve replacement (AVR) at the Texas 
Heart Institute. The valve lesions resulted from con- 
genital heart disease in 20 patients, 15 of whom had 
had a previous operation including 13 aortic valve 
procedures. Cystic medial necrosis necessitated AVR 
in 5 patients, all of whom had physical findings of 
Marfan's syndrome. One patient had rheumatic 
heart disease and required double-valve (aortic and 
mitral) replacement. Six different types of prosthe- 
sis were used: the Smeloff-Cutter, Starr-Edwards, 
Cooley-Cutter, Hancock porcine, Ionescu-Shiley, 
and Bjork-Shiley. 

The first patient in the series was the only early 
death (3.8%). Long-term follow-up data ranging 
from 1 month to 10 years were available on 20 pa- 
tients. Three late deaths occurred (11.5%). All sur- 
vivors are doing well and have good exercise toler- 
ance. These data suggest that AVR performed in 
childhood is a safe, durable, and well-tolerated form 
of therapy. Later replacement, if necessary, can be 
accomplished with larger-sized prostheses. Our 
present choice is the Ionescu-Shiley bovine xenograft 
because of its superior hemodynamic characteristics 
and low incidence of embolic complications. 


In the spectrum of pathological lesions involv- 
ing the aortic valve in preteenage children, re- 
placement of the valve seldom is necessary. 
Reluctance to replace the valve in a child of this 
age arises from concern about operative risks, 
durability of the prosthesis, growth potential of 
the child, and difficulty in postoperative man- 
agement of.the effects of anticoagulants. To 
demonstrate the effectiveness of aortic valve re- 
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placement (AVR) in children less than 13 years 
old with major valve lesions, a review of our 
experience at the Texas Heart Institute is pre- 
sented. 


Material and Methods 
Between November, 1964, and May, 1978, 26 
children from 4 to 12 years old underwent AVR. 
The median age of the 24 boys and 2 girls was 9 
years, and the mean weight was 27.5 kg (range, 
10 to 58 kg) (Figure). The underlying cause was 
congenital in 20 patients (Table 1). Cystic me- 
dial necrosis of the aorta was present in 5 pa- 
tients, all of whom demonstrated characteristics 
of Marfan's syndrome and had an associated 
aneurysm of the ascending thoracic aorta. One 
girl had rheumatic heart disease and underwent 
combined replacement of the aortic and mitral 
valves. Two patients were Jehovah's Witnesses. 
Previous surgical procedures had been per- 
formed in 15 patients, 12 of whom had had aor- 
tic valvuloplasty (Table 2). Of the 12, 9 had open 
aortic valvotomy for a stenotic bicuspid valve. 
Indications for AVR in these 9 patients were re- 
current stenosis in 3, valve insufficiency in 4, 
and combined stenosis and insufficiency in 2. 
Three of the 12 patients had undergone clo- 
sure of a ventricular septal defect (VSD) and re- 
suspension of the aortic valve for aortic insuffi- 
ciency (AI). They underwent AVR for heart 
failure secondary to AI 8, 12, and 36 months, 
respectively, after the initial procedure. A 5- 
year-old patient had undergone AVR elsewhere 
for AI associated with a VSD 18 months before 
being admitted to our institution with insuffi- 
ciency and stenosis of the prosthesis. The valve, 
a 19 mm Hancock, was noted to be calcified 
when it was replaced. Of the 2 remaining pa- 
tients, 1 had undergone primary closure of a 
VSD previously and the other had had repair of 
tetralogy of Fallot at the age of 1 year. The latter 
eventually demonstrated features of Marfan's 
syndrome and had AVR with resection of an as- 
cending and arch aneurysm when he was 4 
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6 IQ 
IN YEARS) AT TIME OF INITIAL AVR 
Mean Weight 27.5 Kg(10-58 Kg) 


Age range of 26 preteenage children who underwent 
aortic valve replacement (AVR) at the Texas Heart In- 
stitute between November, 1964, and May, 1978. 


Table 1. Cause of Valve Lesions in 26 Preteenage 
Children Who Had Aortic Valve Replacement 


No. of 


Cause Patients 


Congenital heart defects 20 


Valvular stenosis with 9 
bicuspid valve 


Valvular and supravalvular 4 
stenosis 


Subvalvular ventricular 6 
septal defect 


Truncus arteriosus with 1 
insufficient truncal valve 


Cystic medial necrosis of the aorta 5 
Rheumatic heart disease 1 


years old. He is included in the group with cys- 
tic medial necrosis who required AVR. 
Thirteen of the patients had 16 other proce- 
dures performed concomitantly with AVR. The 
12-year-old girl who had double-valve replace- 
ment was mentioned previously. A 9-year-old 
child underwent total repair of a truncus ar- 
teriosus, type II, at the same time an insufficient 
truncal valve was replaced. A patch was placed 
in the ascending aorta to enlarge the lumen in 
3 patients with valvular and supravalvular 
stenosis. A VSD was closed in 5 patients. Of the 
5 patients with Marfan's syndrome and an an- 


S 


\ 


SS 


SS 


(MM 


SY 


an 


eurzsm of the ascending thoracic aorta, 4 had 
resection of the aneurysm. In 1 patient the an- 
eur;sm involved the arch, and resection was 
necessary with reimplantation of the arch ves- 
sels. In 1 patient, both coronary arteries were 
reimplanted into the ascending graft and in an- 
other, only the right coronary artery was 
reimplanted. The only patient who did not have 
resection of the aneurysm was an 8-year-old 
Jeh»vah's Witness in whom the ascending aorta 
was wrapped with 3 (8 mm) Dacron grafts. Two 
adcitional procedures included ligation of a 
patent ductus in 1 patient and a pulmonary val- 
votomy in another. 


Surgical Techniques 

All operations were conducted with the patient 
on total cardiopulmonary bypass and one con- 
tinuous period of aortic cross-clamping ranging 
from 26 to 102 minutes (mean, 46.7 minutes). 
Moderate hypothermia (30°C), induced by 
perfusion, was the means of myocardial pro- 
teccion used in 16 patients. Early in the series 
coronary artery perfusion was used in 4 
patients. Normothermic perfusion following 
cardioplegia, induced with 4°C potassium solu- 
tion, was used in 5 patients. This latter proce- 
dure has been the standard method of myocar- 
dial protection at the Texas Heart Institute since 
1977 in all adult and pediatric patients. In 1 pa- 
tient who required resection of the ascending 
aorta and transverse arch with reimplantation 
of the arch vessels, operation was conducted 
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Table 2. Previous Operations in 15 Preteenage Children Who Had Aortic Valve Replacement 


Hemodynamic Time from Initial 
No. of Indications |. Procedure to AVR 
Patients Previous Operation for AVR (mo) 
7 Valvotomy alone AS (3) 26, 50, 114 
AI (3) 12, 39, 88 
AS, AI (1) 3 
1 Valvotomy and patch AS, AI 6 
aortoplasty 
1 Valvotomy and graft AI 7 
replacement of 
| ascending aorta 
3 VSD closure and AI 8, 12, 36 
valvuloplasty 
1 AVR AS, AI 18 
(calcified 
Hancock valve) 
1 VSD closure AI 115 
1 Total repair of TF AI (associated 35 


AATA) 


AVR = aortic valve replacement; AS = aortic stenosis; AI = aortic insufficiency; VSD = ventricular septal defect; TF = 
tetralogy of Fallot; AATA - aneurysm of the ascending thoracic aorta. 


Table 3. Aortic Prostheses Implanted 
in Preteenage Children 


No. 
Type Implanted Size 


7A 

9A — 
17 mm 
19 mm 
21 mm 
19 mm 
21 mm 
23 mm 
20 mm conduit 
20 mm 
2^ 24 mm 
T? 28 mm 
A, 

Ag 

19 mm 
23 mm 


Starr-Edwards 


Bjórk-5hiley 


Hancock xenograft 


[m E N 0) Ej me GO C) rA N 


Cooley-Cutter 


Smeloff- Cutter 


Ionescu-Shiley 


ha NO WwW N 


“One each in the mitral position. 


with the patient under profound hypothermia 
(20°C), with a circulatory arrest period of 20 
minutes. 

Six different types of valve prosthesis were 
used (Table 3). They were sutured in the sub- 


coronary position with simple interrupted 2-0 
and 3-0 polyester sutures in all but 4 patients. 
In them, a continuous suture was used. 


Results 

All patients survived operation except the first 
patient in the series (operative mortality, 
3.8%). This 9-year-old child had severe AI, 
having undergone a VSD closure and aortic val- 
vuloplasty 3 years previously. He experienced 
cardiac arrest on induction of anesthesia. After 
resuscitation and AVR, he continued to have a 
low cardiac output in the recovery room and 
died two hours after operation. 

Follow-up data, ranging from 1 to 120 
months, were available on 20 patients. Three 
late deaths (11.5%) occurred. A 9-year-old girl 
died of sepsis 39 months after operation. No 
postmortem study was done, but there was no 
clinical evidence of valve malfunction or infec- 
tion of the prosthesis. Another: late death oc- 
curred in a 4-year-old child 10 months after 
AVR and replacement of an ascending and 


transverse thoracic aorta. Death appeared to be - 


clinically related to poor ventricular function 
rather than valve malfunction. The third late 
death occurred thirty-one days after repair of a 
periprosthetic leak in a child who had under- 
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gone AVR because of bacterial endocarditis 18 
months previously. At the time the perivalvular 
leak was repaired, no vegetations on the valve 
or surrounding tissues were noted. Cultures of 
the area were negative for bacterial growth. 
Multiple pulmonary complications ensued fol- 
lowing operation and caused his death. 

Two valves implanted at this institution re- 
quired replacement. Recurrent symptoms of 
exercise intolerance developed 28 months post- 
operatively in an 11-year-old boy in whom a 19 
mm Bjórk-Shiley aortic prosthesis had been 
implanted because of aortic stenosis (AS). He 
had not been given anticoagulants after the 
initial operation. Cardiac catheterization re- 
vealed a 100 mm Hg gradient across the valve. 
At reoperation, the original prosthesis was 
found to be partially thrombosed and was re- 
placed with a 21 mm Bjórk-Shiley valve. Anti- 
coagulation with Coumadin (sodium warfarin) 
was begun after the second operation, and he 
was doing well 3 years after the second AVR. 
Another 11-year-old patient had had a 21 mm 
Bjork-Shiley prosthesis placed for severe AI 4 
years following valvotomy of a stenotic bicus- 
pid valve. Increasing cardiomegaly developed, 
and he had a 70 mm Hg gradient across the 
valve. The original prosthesis was replaced 
with a 23 mm Ionescu-Shiley valve 66 months 
after implantation. 

A patient 10 years old at the time of AVR with 
a 17 mm Bjórk-Shiley valve required placement 
of a ventriculoaortic conduit 4 years after initial 
AVR. He had a 90 mm Hg gradient across the 
Bjork-Shiley valve, but no attempt was made to 
replace the subcoronary prosthesis because of 
the hypoplastic annulus and left ventricular 
outflow tract. 

There were few immediate postoperative 
complications and only one late embolic event 
in this series. Sudden hemiparesis occurred 51/5 
years after operation in the girl who had 
double-valve replacement. She reportedly was 
on a regimen of Coumadin at the time of this 
occurrence. When restudied 5 months later, she 
was found to have malfunction of the 28 mm 
Cooley-Cutter mitral prosthesis. Tissue over- 
growth of the struts was found, and a new 24 
mm Cooley-Cutter mitral prosthesis was used 
for replacement. The Smeloff-Cutter prosthesis 


in the aortic position appeared normal. This 
chi d and the patient who required replacement 
of 3 Bjórk-Shiley valve for partial thrombosis 
weve the only 2 patients in this series to receive 
Coamadin. Ten other patients were placed on 
a regimen of aspirin and Persantine (di- 
pyridamole) postoperatively and indefinitely. 
The remaining 14 patients received no antico- 
agulant therapy. 

According to follow-up data, all survivors 
(including 3 who had postoperative cardiac 
catheterization) had no major functional dis- 
ab lity. Results of follow-up coronary angiog- 
raphy and roentgenography failed to reveal any 
progressive ventricular hypertrophy. 


Comment 

The lesion of the aortic valve in children re- 
quiring operation most commonly seen at the 
Texas Heart Institute is stenosis of a congenital 
bicuspid valve. This also has been the experi- 
enze of others [1, 2, 12]. Although valvotomy 
most often is successful in substantially de- 
creasing the gradient across the valve, it must 
be considered primarily a palliative procedure 
in that it does not restore normal function to the 
valve [12]. Most agree that many of these chil- 
dren eventually will require AVR as the func- 
ticns of the valve deteriorate [1, 12]. A more 
pressing problem occurs in patients in whom 
th? outflow obstruction cannot be relieved ade- 
quately or recurs after a relatively brief period, 
or in patients in whom the valve is rendered 
insufficient by the valvotomy. Because the 
prognosis in patients in whom this occurs is 
pcor [6, 21], AVR becomes necessary despite 
th» reluctance to replace the aortic valve in the 
preteenage patient. 

All patients who underwent AVR, and who 
hed had a previous aortic valvotomy for 
stenosis, were severely symptomatic. Before 
operation all were in New York Heart Associa- 
tion Functional Class III or IV. Lesions were 
ecually divided between AI and recurrent AS. 
Al patients were in Class I following AVR ex- 
cept for the child in whom endocarditis and a 
perivalvular leak developed. Thirteen patients 
underwent 15 AVKs for lesions obstructing the 
outflow tract of the left ventricle, with no oper- 
ative deaths. Three late deaths occurred during 
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427 months of follow-up; none was caused directly 
by the valve. Three patients required secondary 
procedures, and replacement with a larger sub- 
coronary prosthesis was possible in 2 of them. 
The child with the hypoplastic outflow tract 
was treated successfully with a ventriculoaortic 
conduit; and this procedure has proved useful 


in a variety of other patients as well [14]. No - 


procedure was necessary to enlarge the annulus 
in any patient. Thus, AVR favorably affected 
the course of these patients in whom valvotomy 
was not feasible or in whom it failed to offer 
lasting hemodynamic and symptomatic im- 
provement. Further, growth in this age group 
did not preclude a continuing satisfactory re- 
sult, although a secondary procedure was nec- 
essary in 3 patients. 

The problem of how best to manage patients 
with AI associated with a VSD is debatable [9, 
13, 18]. Experience at this institution has indi- 
cated that valvuloplasty is inadequate and 
prone to early failure [4]. Although valvulo- 
plasty reportedly has been unsuccessful in 
abolishing AI in more than half the patients in 
whom it was used [15], some authors remain 
optimistic about the prognosis of the patients 
with clinically asymptomatic AI after valvulo- 
plasty [16, 20]. Our experience shows that these 
children show increasingly compromised val- 
vular and ventricular function if residual AI 
persists. Whittig and co-workers [21], reporting 
that children do not tolerate AI well, observed 
that few of the patients they reviewed survived 
longer than a year when AI occurred after val- 
votomy. 

The only operative death in our series was a 
9-year-old girl who, despite close follow-up of 
3 years for AI following an unsuccessful val- 
vuloplasty, deteriorated rapidly and could not 
be saved by AVR. This occurred in 1964 when 
valve replacement was a formidable procedure 
in any age group and reluctance to perform 
AVR in a child was much greater. Because of 
severe symptoms, 2 other patients required 
AVR at 8 and 12 months after valvuloplasty. Of 
the 2 patients who had AVR at the initial oper- 
ation when the VSD was closed, 1 was 4 years 
old at that time and was followed 96 months 
with a continuing good result. The other child, 


who was 315 years old at the time of VSD clo- 
sure and AVR with a 19 mm Hancock valve, re- 
quired replacement of the valve 18 months 
postoperatively ‘because of calcification. A 
larger aortic prosthesis, 21 mm Bjórk-Shiley, 
was implanted. Another patient in this group 
required AVR for severe symptomatic aortic in- 
sufficiency 9 years 7 months after an operation 
in which only primary closure of a VSD was 
performed. However, there was no AI at the 
time of initial operation. Despite this small 
number of patients, it appears that hemody- 
namically important AI associated with a VSD 
is best treated by AVR at the time the 
VSD is closed. Although early VSD closure 
alone may suffice if the Al is slight, poor results 
with valvuloplasty have resulted in its aban- 
donment at this institution. The hemodynamic 
status of children who have undergone opera- 
tion for closure of a VSD associated with AI 
should be followed closely regardless of 
whether the valve was replaced. 

As noted in Table 3, a variety of prostheses 
was used. No mechanical failures occurred ex- 
cept for the Hancock prosthesis that had been 
implanted elsewhere and had calcified. One 
Bjork-Shiley aortic valve and one Cooley-Cutter 
mitral prosthesis exhibited tissue overgrowth 
causing dysfunction of the valve. The child 
with the mitral prosthesis was on a regimen of 
Coumadin at the time, but the child with the 
aortic valve was not. Both patients required re- 
placement of the valve. 

The advisability of anticoagulation therapy 
with Coumadin in small children is question- 
able. Some authors advise its use in all pediatric 
patients with mechanical valve replacements 
and cite a low rate of complication [7, 11]. How- 
ever, the activities of children continually ex- 
pose them to trauma, and controlling the effects 
of medications such as Coumadin is difficult 
in this age group. Except for the 2 patients 
mentioned earlier, none were administered 
Coumadin despite the number of mechanical 
prostheses implanted. The child with the mitral 
prosthesis who was receiving Coumadin was 
the only patient to experience a postoperative 
thromboembolism. Data comparing the use of 
Coumadin, antiplatelet therapy, and no therapy 
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suggest that, with the Bjork-Shiley valve, 
clearly superior results are obtained in patients 
receiving long-term Coumadin anticoagulation 
[3]. Although these small numbers indicate that 
children with isolated aortic prostheses do not 
necessarilv require anticoagulation, our current 
preference is tissue valves so that long-term 
anticoagulation and its attendant morbidity can 
be avoided. 

Since August, 1978, the Ionescu-Shiley bo- 
vine pericardial xenograft has been the pros- 
thesis of choice for both adults and children. 
Although only 3 were used in this group of 
children, more than 500 have been implanted 
at the Texas Heart Institute. Results of reported 
series indicate that these valves are hemo- 
dynamically superior, particularly in smaller 
sizes, and have a low rate of embolism with- 
out long-term anticoagulation [5, 17]. These 
characteristics are important in a younger age 
group because some of these patients will re- 
quire 17 mm and 19 mm valves. Both sizes are 
available in the Ionescu-Shiley prosthesis, and 
both offer outstanding hemodynamic perfor- 
mance. Although recent reports about early cal- 
cification of porcine prostheses in children have 
appeared [8], there is only one reported occur- 
rence of calcification of an Ionescu-Shiley valve 
implanted in a child [9]. In one series of 458 im- 
planted valves, only one instance of a calcified 
aortic prosthesis was reported; however, this 
series was comprised primarily of adults [17]. 

The cause of the high incidence of calcifica- 
tion of the porcine valves recently reported in 
children is unknown. The theories advanced 
include the increased calcium turnover in chil- 
dren and increased hydraulic trauma caused by 
an elevated mean pulse rate. Further experience 
with the Ionescu valve in children will help to 
determine whether this valve is affected by cal- 
cification in the same manner as the Hancock 
prosthesis. All valve replacement operations are 
palliative to the degree that no ideal prosthesis 
exists. However, because the small sizes of the 
lonescu-Shiley valve are clearly hemodynami- 
cally superior and do not require long-term 
anticoagulation, it offers clear advantages for 
use in small children. 

Although there are reports of valve replace- 


ment in children with Marfan’s syndrome in 
other series, no mention is made of valve re- 
placement associated with an aneurysm of the 
ascending thoracic aorta [2, 7]. The 5 patients in 
this series with Marfan's syndrome and cystic 
mecial necrosis of the aorta had fusiform aneu- 
rysras that typically are seen in older patients. 
Nore were dissecting aneurysms but demon- 
straced attenuated walls common to cystic me- 
dial necrosis. The aneurysms did not invariably 
involve the sinuses of Valsalva. The surgical 
approach used in these children was identical 
to that used in adults [10]. The valve was re- 
placed and the graft anastomosed to the su- 
pracoronary aorta if the sinuses were not in- 
volved in the aneurysm. If the aortic wall of the 
sinuses appeared to be involved and at- 
tenaated, the graft was anastomosed to the an- 
nulas or aortic wall or both with reimplantation 
of one or both coronary arteries. One patient 
whose graft was anastomosed to the supracoro- 
nary aorta has been observed for 72 months 
with no enlargement of the remaining proximal 
native aorta. This flexible approach seems war- 
ramted in this age group. No problems with the 
valze prosthesis have been observed in these 5 
patients. 

Aortic valve replacement in preteenage chil- 
dren appears to be a safe and well-tolerated 
form of therapy for disabling valvular disease. 
Th2 small size, growth potential, and activity 
level of these patients do not preclude satisfac- 
tory results from valve replacement. Valve re- 
plecement seems indicated in patients in whom 
valvuloplasty does not appear feasible or has 
faied to correct the underlying hemodynamic 
problems. Aortic insufficiency associated with 
a VSD is poorly tolerated in this age group for 
whom the results of AVR are good. This is sug- 
gestive that indications for valve replacement 
should be liberalized in children who have sig- 
nizicant AI associated with a VSD. Although 
anticoagulation is not necessary for good results 
following AVR with a mechanical prosthesis, 
tissue valves with a low embolic rate would be 
clearly advantageous for use in children. The 
Ioaescu-Shiley valve offers the advantages of 
a low rate of embolism and superior hemo- 
dynamic characteristics. However, the long- 
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terri performance of this valve in children is 
still to be observed. The association of AI and 
an aneurysm of the ascending thoracic aorta in 
patients with Marfan's syndrome can be treated 
safely by the methods used in adults. 

The data presented here demonstrate that 
AVR is a safe, hemodynamically successful, and 
durable procedure in preteenage children and 
should be considered the procedure of choice in 
selected patients. 
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Long-Term Follow-up of Artificial 
Valves in Patients under 15 Years Old 


Juro Wada, M.D., Masayoshi Yokoyama, M.D., 
Akimasa Hashimoto, M.D., Yasuharu Imai, M.D., 
Nobuo Kitamura, M.D., Atsuyoshi Takao, M.D.. 


and Kazuo Momma, M.D. 


ABSTRACT Forty-nine artificial cardiac valves im- 
planted in 44 patients less than 15 years old were re- 
viewed. Out of 49 valves, 16 were mechanical and 33 
were xenografts. Average follow-up was 2 years 5 
months. Marked valvular stenosis developed in 11 
out of the 33 xenografts, an incidence of 15% per 
patient-year. In patients with a xenograft valve, the 
incidence of sepsis was found to be 4% per patient- 
year and brain accidents, 4% per patient-year. In 
patients with mechanical valves, the incidence of 
stenosis was only 2% per patient-year and brain ac- 
cidents, 2% per patient-year. There was no sepsis. 
From these follow-up results, mechanical valves 
seem to be superior to xenografts when used in pa- 
tients less than 15 years old. 


Though cardiac valve replacement is a common 
surgical procedure, several controversial factors 
remain to be resolved, especially when children 
require valve replacement. A porcine aortic 
heterograft has been employed more than the 
mechanical valve in the younger age group. 
Mechanical valves mainly were used before 
1975, but a porcine aortic heterograft (Hancock) 
has received enthusiastic employment since the 
beginning of 1975 in our clinic. 

The literature has few comparative studies 
between xenografts and mechanical valves, es- 
pecially in the young age group. Our follow-up 
study compares patients with mechanical 
valves and those with xenografts. It attracted 
our interest that marked stiffness of a porcine 
aortic heterograft frequently was noted within 
several years of operation. 


Material and Methods 
From 1971 to April, 1979, 52 patients less than 
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15 years old were admitted for artificial cardiac 
valve replacement, 8 of whom died during ad- 
mission. Forty-four patients were discharged 
from the hospital after routine follow-up in our 
outpatient clinic or other hospitals. Here we de- 
scribe the long-term results in these 44 patients. 

Taere were 17 boys and 27 girls. Of the pa- 
tients, 21 were less than 5 years old, 12 were 
between 6 and 10 years old, and 11 were from 11 
to 15 years old. Underlying diseases were mitral 
insufficiency in 13 patients, endocardial cush- 
ion defects in 10, mitral insufficiency with 
ventricular septal defect in 10, and other defects 
in 11. Thirty-four patients had isolated mitral 
valve replacement, 4 had isolated aortic valve 
rep.acement, 3 had both mitral and tricuspid 
valve replacement, 2 had both aortic and mitral 
valve replacement, and 1 had isolated tricuspid 
valve replacement. 

Fourteen patients received mechanical 
valves. Since 2 of these patients underwent 
double-valve replacement, a total of 16 me-. 
chanical valves were implanted in 14 patients. 
There were 13 Bjórk-Shiley valves, 2 Hall-Kaster 
valves, and 1 Lillehei-Kaster valve. Five of the 
16 were used for aortic and 11 for mitral re- 
placement (Table). 

Thirty patients were implanted with 33 
xenografts, and 3 patients underwent both mi- 
tra. and tricuspid replacement. All the valves 
were Hancock valves. Except for 3 valves used 
for tricuspid valve replacement, all valves were | 
implanted in the mitral position. No hetero- 
grefts were employed in the aortic position. 

Complications in'the 16 mechanical valves 
were compared with those in the 33 xenografts. 
Valve stenosis or valve malfunction, brain acci- 
deats, and sepsis were given particular atten- 
tian in the present series. 

Zollowing operation, all patients were ad- 
ministered anticoagulant drugs. Thrombotest 
wes maintained between 10 and 2596 by the use 
of warfarin. Patients less than 10 years old re- 
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Number of Valve Replacements per Year 


No. of No. of 
Patients with Patients 
Mechanical with 

Year Valve Xenograft 

1971 1 0 

1972 1 0 

1973 0 0 

1974 6 0 

1975 0 9 

1976 1 9 

1977 1 7 

1978 2 5 

1979 2 0 

Total 14 30 





ceived this treatment postoperatively for 3 
months only. Patients older than 10 years were 
on a regimen of anticoagulant drugs for life. 

The follow-up period ended in April, 1979. If 
a patient died before this date, follow-up was 
considered to be from the time of operation to 
the date of death. When a patient underwent 
reoperation, the follow-up period was calcu- 
lated from the initial operation to the time of 
the reoperation. The total follow-up for the 16 
mechanical valves added to 47 years, while that 
of 33 xenografts was 73 years. 


Results 

Six out of the 44 patients died following dis- 
charge. Five had xenografts and 1, a mechanical 
valve. Five patients died of cardiac failure and 1 
of brain embolism. 

In 73 years of xenograft follow-up, the main 
complication was valve stenosis. It was noted in 
11 out of 33 valves, an incidence of 15% per 
patient-year. Signs of valve stenosis appeared 
in the second postoperative year in 2 patients, 
in the third year in 2, and in the fourth year in 
7. No patient had severe stenosis in the first 
postoperative year. In the present series, only 
severe valvular stenosis was counted. Only the 
presence of a diastolic rumbling murmur at the 
apex was not considered valve stenosis. 

Four valves out of 11 were examined post- 
mortem; 5 were seen at reoperation; and 2 were 
noted clinically. Findings at postmortem exam- 
ination or at reoperation showed marked stiff- 
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ness or calcification of the implanted xenografts 
(Figure). They were hard and fragile, almost 
losing mobility and elasticity. 

Sepsis was found in 3 patients. Brain acci- 
dents were noted in 3 out of 30 patients. The 
incidence of these two complications was 4% 
per patient-year, respectively. 

In the 16 mechanical valves in 14 patients, 
stenosis was found in 1 patient. It was due to 
tissue overgrowth around the sewing ring, re- 
sulting in restriction of the disc of the Björk- 
Shiley valve. Brain accidents were noted in 1 
patient. The incidence of these two complica- 
tions was 2% per patient-year, respectively. No 
instance of sepsis was observed in this group. 

Subjective symptoms of 36 patients were 
studied at the end of April, 1979. Twenty-one 
were in New York Heart Association Functional 


. Class I, 13 were in Class II, and 2 were in Class 


III. These 36 patients were divided into two 
groups—13 with mechanical valves and 23 with 
xenografts—and the subjective symptoms were 
compared. In the group with mechanical 
valves, 5496 were in Class I, 3896 were in Class 
II, and 896 were in Class IIL In the group with 
xenografts, 6196 were in Class I, 3596 were in 
Class II, and 496 were in Class III. There was no 
significant difference between these two 
groups in terms of subjective symptoms. Since 
preoperatively most of the patients were in 
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Class IV, it is clear that there was major im- 


provement. 


Comment 

Replacement with a glutaraldehyde-preserved 
porcine aortic heterograft has decreased opera- 
tive mortality because the valve leaflets are 
rarely interrupted by chordae or papillary mus- 
cles, and, in general, has offered excellent 
short-term function. The subjective symptoms 
of patients appear to be much improved in the 
first few years. The long-term interpretations, 
however, are clearly cautious owing to the 
complication of stenosis of the valve leaflets, 
which leads to subsequent calcification and in- 
competence. 

It is known that numerous varieties of tissue 
valves result in a high rate of tissue degenera- 
tion [1, 5, 7]. Trusler and co-workers [7] reported 
that in 8 children who received aortic homo- 
grafts fortricuspid and pulmonary insufficiency, 
frequent calcification of the aortic homograft 
valves was noted in follow-up studies up to 5 
years. Carpentier and colleagues [1] described a 
patient with tetralogy of Fallot in whom a 
porcine aortic heterograft was employed for 
pulmonary dysplasia. The cusps of the hetero- 
graft were noted later to be calcified. 

However, there are few reports that Hancock 
valves are easily calcified when employed in 
children. Oyama and associates [4] reported in 
1979 that 2 children in whom the Hancock valve 
was calcified required reoperation. 

otiffness or calcification is not a frequent 
complication in adults. Approximately 200 
xenografts have been used in our adult pa- 
tients. Onlv 2 of them were reoperated on be- 
cause of major signs of valve stenosis. It is not 
known why such a complication is high in 
younger age groups. There are several possible 
causes: (1) leaflets of xenografts do not move 
sufficiently in children because of low cardiac 
output, which makes calcification of the leaflets 
easier; (2) calcium metabolism is increased in 
children; (3) xenografts in children are very sus- 
ceptible to infection, which is followed by cal- 
cium deposits; and (4) inadequate anticoagu- 
lant treatment is prescribed for children. 

In our present series, the incidence of valve 
stenosis increased during the follow-up period. 
Stenosis developed in no patient in the first 


postcperative year, but in the fourth year, it 
deve. oped in 7. These data suggest that points 1 
and 2 should be suspected as the cause of this 
phenomenon. Pathological and histochemical 
examinations of the removed stenosed valve, 
which have not been carried out yet in the 
present series, might contribute additional 
interpretations. 

It .s widely accepted that the xenograft offers 
a low incidence of thromboembolism [2, 3, 6], 
but our data deny this. There is no difference in 
incidence of brain accidents between patients 
witt a mechanical valve and those with a 
xenograft. The former showed less complica- 
tions than the latter, even excluding the 
stenosis phenomenon. 

To follow up patients with xenografts, the 
presence of valve stenosis should be checked. 
Cardiac murmur and deterioration of subjective 
symptoms might indicate the development of 
valve stenosis. Echocardiography is reported 
to be useful to detect the diminished valve 
movement. Our pediatrician, however, has not 
yet succeeded in diagnosing stenosis by 
echocardiography because the semilunar valve 
has been hidden behind the xenograft valve 
struts. 
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Intraaortic Balloon Pumping in Children 


J. C. Pollock, F.R.C.S.(G), M. C. Charlton, R.N., 
W. G. Williams, F.R.C.S.(C), J. F. Edmonds, F.R.C.P.(C), 


and G. A. Trusler, F.R.C.S.(C) 


ABSTRACT From June, 1977, to December, 1978, 14 
children had intraaortic balloon support after open- 
heart operation. There were 6 long-term survivors. 
Four of 5 children more than 10 years old and 2 of 5 
children between 5 and 10 years old survived. All 4 
children less than 5 years old died. In the youngest 
group, it was difficult to use the balloon successfully 
because of their very low cardiac output coming off 
bypass and their greater aortic elasticity. The small- 
est sizes of balloon available were found to be 
too long, extending well below the diaphragm in 
younger patients. In 7 out of 10 patients 5 years old 
or more, augmentation was obtained. 


Use of the intraaortic balloon pump (IABP) is a 
well established method of supporting a de- 
pressed myocardium in adults after open-heart 
operation [2, 4, 5, 7, 9] or following complica- 
tions of myocardial infarction [6]. However, 
there have been few reports of its use in chil- 
dren. Here we outline our experience with the 
IABP in 14 children who underwent open-heart 
operation at the Hospital for Sick Children. 


Material and Methods 

Intraaortic balloon pumping was used first at 
this hospital in June, 1977. A retrospective 
study was undertaken of 14 children in whom 
the IABP was used during an 18-month period 
from June, 1977, to December, 1978. The chil- 
dren ranged from 112 to 18 years old (aver- 
age, 8.7 years) and weighed from 8 to 52 kg (av- 
erage, 24.7 kg). Four children were less than 
5 years old, 5 were between 5 and 10 years old, 
and 5 were more than 10 years old. Table 1 
shows the diagnosis and operation performed 
in each patient. In 10 children, a balloon was 
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inserted at the end of operation because they 
could not be weaned from bypass. Prior to in- 
sertion, they had a trial of inotropes, optimal 
volume loading, and sustained periods of sup- 
port on cardiopulmonary bypass. Three pa- 
tients (Patients 1, 11, 14) underwent elective in- 
sertion preoperatively for poor ventricular 
function (ejection fraction less than 0.3) diag- 
nosed at cardiac catheterization. One patient 
(Patient 7) had insertion 24 hours after opera- 
tion following a cardiac arrest in the intensive 
care unit. After resuscitation, she was in severe 
cardiac low output state. 

A Datascope System 80 pumping module was 
used with varying sizes of balloon (Table 2). 
The largest size balloon that could be inserted 
was chosen. The 8 mm size was a pediatric 
single-chamber balloon and the 10 mm and 
larger sizes were two-chamber balloons with 
the occluding chamber below. Initially the de- 
vice was inserted through a side-arm Dacron 
graft in the common femoral artery but later the 
external iliac artery was used. In Patient 3, the 
balloon was placed in the ascending aorta be- 
cause of very small iliac arteries, which were in 
spasm at the end of a long bypass time. Passing 
the balloon over the aortic arch into the de- 
scending aorta was difficult, and, at postmor- 
tem examination, the tip of the balloon was 
found to be lying in the superior mesenteric 
artery. Balloon position was checked by a chest 
roentgenogram before the patient left the 
operating room and, if necessary, was adjusted 
so that the tip of the balloon lay opposite the 
origin of the left subclavian artery. The electro- 
cardiogram was used for timing and initially 
the "exhaust pressure" mode of pumping logic. 
If this was ineffective or if the heart rate was 
high, above 120 beats per minute, the "pressure 
exhaust" mode was used. The 3 patients who 


had elective preoperative balloon insertion were | 


given one-third of their total heparinization 
dose for cardiopulmonary bypass at the time of 


^, 
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Table 1. Preoperative and Operative Data 


Be a i e We e —Á——————VM 0mm 


Patient Age 
No. (yr) Diagnosis Operation 
1? 11⁄2 Anomalous left coronary artery, mitral Aortopulmonary anastomosis, in- 
regurgitation : trapulmonary tunnel to L coronary 
artery, mitral annuloplasty 
2 1% ASD, VSD, PA band, sickle cell disease Closure VSD and ASD, debanding at 
normothermia 
3 3 L-TGA, systemic AV valve regurgita- Systemic AV valve replacement 
tion, previous VSD closure 
4 4 AV canal type A, PA band Repair AV canal, PA debanding 
5 5 L-TGA, systemic AV valve regurgita- Systemic AV valve replacement 
tion, VSD repaired 10 d previously 
6 6 TOF Repair TOF 
7 6 TOF Repair TOF 
8 7 TOF, previous Waterston and Blalock Repair TOF 
shunts 
9 9 Single ventricle with Glenn shunt and Ventricular septation, repair R ven- 
pulmonary stenosis tricular outflow tract with conduit 
10 12 TOF, pulmonary stenosis Repair TOF, reconstruction of PA 
11* 14 L-TGA, systemic AV valve regurgita- Mitral annuloplasty, division WPW 
tion, poor LV function, WPW syn- fibers 
drome 
12 16 Recurrent valvular and supravalvular Aortic valve replacement 
aortic stenosis, 2 previous val- 
votomies 
13 18 L-TGA, single ventricle Ventricular septation 
14* 18 .DORV repaired 4 wk previously, re- Repair VSD 


sidual VSD 





*Balloon inserted preoperatively. 
"Balloon inserted 24 hours postoperatively. 


ASD = atrial septal defect; VSD = ventricular septal defect; PA = pulmonary artery; L-TGA = levotransposition of the great 
arteries; AV = atrioventricular; TOF = tetralogy of Fallot; WPW = Wolff-Parkinson-White; DORV = double-outlet right 


ventricle. 


Table 2. Balloon Size 


Measured 
Length of 
Diameter Balloon Volume 
(mm) (cm) (cc) 
8 15 9 
10 21 10 
13 23 23 
14 25 30 


insertion but no anticoagulation was given 
postoperatively till 48 hours after operation. At 
that time, patients with the balloon still in place 
received low molecular weight dextran until the 
balloon was removed. 

Effectiveness of augmentation was classified 
by assessment of the arterial wave trace from an 


_ Catheter Size 
(Fr) (mm) Chambers 
7 2.3 1 
10.5 4 2 
12 4 2 
12 4 2 


undamped peripheral arterial line. No altera- 
tion in diastolic pressure and absence of a pre- 
systolic “dip” with the balloon on, compared 
with the balloon off, was classified as showing 
no augmentation. The classification was poor if 
there were only slight changes in diastolic pres- 
sure, and it was good if there was marked im- 


524 The Annals of Thoracic Surgery Vol 29 No 6 June 1980 


provement in diastolic pressure and if a pre- 
systolic dip was present. Left atrial pressure 
was monitored continually, and cardiac indices 
were calculated on the patient's return to the 
intensive care unit from Cardio-green (in- 
docyanine green) dye-dilution curves." Each 
cardiac index was calculated from two to three 
measurements. Each output curve was exam- 
ined, and those without a good exponential 
decay were rejected. Use of the balloon was 
continued until the patient could be weaned 
from it or until it was removed because of 
balloon-related complications or because of the 
absence of any measurable effect (Patient 10). 
When the balloon was removed, the groin 
was reopened, and the Dacron graft was 
trimmed and oversewn. The distal artery had 
a Fogarty catheter inserted as required. The 
wound was then irrigated with an antibiotic 
solution and closed. All patients received 
prophylactic antibiotics for the main operation. 


Results 
Six children (42.9%) are long-term survivors 
(Table 3). Four of 5 children more than 10 years 


*Cardiac output recorder model COR 100A, Waters Corpo- 
ration, Rochester, MN. 


Table 3. Results of Operation 


old and 2 of 5 between 5 and 10 years old sur- 
vived. All 4 children less than 5 years old died. 
Three (21.4%) died in the operating room and 5 - 
(35.7%) died in the postoperative period in the 
intensive care unit. Five of the survivors 
showed marked improvement with the IABP; 
only 1 did not (Patient 10). In this patient, a 
balloon 14 mm in diameter and 30 cc in volume 
was inserted. No augmentation was shown in 
the intensive care unit, and the balloon was re- 
moved at 24 hours. The survivors tended to be 
older (mean age, 11.8 years) and had a larger 
size of balloon inserted. The average age of the 
nonsurvivors was 6.3 years. 

Three of the youngest children died in the 
operating room, and only 1 of them (Patient 4) 
showed any discernible effect of balloon sup- 
port and then only when on partial cardiopul- 
monary bypass. All were in a severe low output 
state and could not be weaned from bypass 
with the IABP and massive inotropic support. 
One of the 5 patients who died in the intensive 
care unit had the balloon in place (Patient 7), 
but the other 4 had had the device removed 
prior to death. In 2 patients (Patients 8, 9), the 
balloon was removed at 48 and 4 hours, re- 
spectively, because severe limb ischemia de- 
veloped distal to the balloon insertion. In 


Balloon Duration of 
Patient Age Weight Diameter Pumping 
No. (yr) (kg) (mm) (hr) Augmentation Outcome 
1 115 8.0 8 24 Good Died postop d 5 of renal 
failure, CVA 
2 1% 9.6 10 None Died OR 
3 3 19.4 13 None Died OR 
4 4 13.6 10 Poor Died OR 
5 5 14.8 10 46 Good Alive 
6 6 13.9 10 96 Good Alive 
7 6 15.3 8 13 None Died postop d 2 of ar- 
rythmia, LOS 
8 7 18.3 13 48 Good Died postop d 4 of CVA, 
renal failure 
9 9 26.1 10 4 Poor Died postop d 2 of LOS 
10 12 27 14 24 None Alive 
11 14 43 14 72 Good Alive 
12 - 16 52 14 96 Good Alive 
13 18 46 14 96 Good Died postop d 7 of renal 
| failure, LOS 
14 18 45 14 48 Good Alive 


CVA = cerebrovascular accident; OR = operating room; LOS = low output state. 
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both patients, the balloon was inserted in the 
common femoral artery. One patient (Patient 
13) showed good augmentation for 96 hours but 
the balloon was removed at that time because 
there was concern that it was causing renal fail- 
ure. The last death in the intensive care unit 
was our youngest patient (Patient 1) who had 
good augmentation in the operating room and 
was easily weaned at 24 hours but because of 
decreased renal perfusion died at 5 days of a 
combination of renal failure and an intraopera- 
tive cerebrovascular accident. The average time 
of balloon assist in the long-term survivors was 
64 hours. 

Several complications were thought to be due 
to the balloon. In 2 patients, severe leg ischemia 
required removal of the balloon. These 2 pa- 
tients were seen early in the series when the 
balloon was inserted in the common femoral 
artery. Two patients experienced renal failure. 
Abdominal distention occurred in 1 patient and 
in 1, the tip of the balloon was inserted into 
the superior mesenteric artery. No excessive 
bleeding or thrombocytopenia due to the bal- 
loon was seen or any wound infection at the in- 
sertion site. Septicemia was not a problem, and 
no distal embolization was noted. 


Comment 

From this small series it was evident that the 
older the child, the better the augmentation 
obtained. Effective augmentation was obtained 
for the longest time in the older age group be- 
fore the patient became refractory to pumping. 
Insertion of the IABP enabled 7 of 10 children to 
be successfully weaned from bypass. It was dis- 
appointing that of 4 patients less than 5 years 
old, only 1 showed good augmentation and 
survived to reach the intensive care unit. Sev- 
eral factors can be implicated for the poor re- 
sults in this group. First, for the balloon to be 
effective, the patient must have a minimal car- 
diac output. In adults, a minimal cardiac index 
of 0.8 liters per square meter of body surface is 
required [3]. The 3 patients who died had com- 
plex intracardiac defects and an output at the 
end of the procedure that was not near the 
minimum necessary. It was only when sup- 
ported by cardiopulmonary bypass at flows of 2 
liters per square meter per minute that 1 of 
these patients was able to raise cardiac output 


sufficiently to show any augmentation. Survi- 
val of these small children with very low cardiac 
outputs probably will require a left ventricular 
assist device [11]. Recently we tried a left heart 
assist device using the technique of Litwak and 
co-workers [8] in a 7.3 kg infant who was in a 
severe low output state after operation. After 2 
hours of support maintaining a good blood 
pressure, the patient became progressively 
hypotensive and died of myocardial failure. 
Nevertheless, it was encouraging that good 
flows were obtained easily through this device. 
A second problem in very young children is 
the elasticity of the aorta. The human aorta does 
not reach its adult pattern until 25 years of age 
[1]. Therefore, in children there is greater com- 
pliance of the aortic wall compared with the 
more rigid adult aorta. The elasticity combined 
with the large bronchials that children with 
cyanotic disease tend to have, diminishes the 
pressure generated by the balloon expanding in 
diastole against an easily distendable aortic 
wall and reduces its afterload reduction effect. 
However, in children 5 years old or older, 
the aorta has sufficiently low compliance that 
we obtained good augmentation in 7 of the 10 
children. The 2 patients older than 5 years who 
showed no augmentation were Patients 7 and 


10. In Patient 7, the balloon was inserted 24 


hours after operation after the patient sustained 
a cardiac arrest. At the time of insertion she 
was on maximum inotropic support and in se- 
vere low output state. She probably could not 
generate enough output for the balloon to be 
effective. In Patient 10, a child weighing 27 kg, 
an adult-sized 30 cc balloon was inserted. No 
reason was found to account for the failure to 
augment in this patient. 

After operation, cardiac index was measured 
in 10 patients on their return to the intensive 
care unit (Table 4). Only 3 showed a cardiac 
index of more than 2 liters per minute per square 
meter, and 1 of them (Patient 8) died four 
days postoperatively of an intraoperative cere- 
brovascular accident and renal failure. The 
other 7 all had indices between 1.5 and 2 liters 
per square meter per minute. Parr and associ- 
ates [10] produced data to show that the prob- 
ability of death is above 1096 in young chil- 
dren and infants when the cardiac index lies 
between 1.5 and 2 liters per minute per square 
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Table 4. Cardiac Index after Operation 
in Survivors on IABP 


Cardiac 
Index 
Patient on IABP 
No. (L/m*/min) Outcome 
1 1.87 Dead 
5 1.65 Alive 
6 9.21 Alive 
8 2.88 Dead 
9 1.72 Dead 
10 1.83 Alive 
11 2.46 Alive 
12 1.80 Alive 
13 1.86 Dead 
14 3.41 Alive 


IABP = intraaortic balloon pump. 


meter. In our group, 3 out cf 7 (43%) died 
even though the IABP and inotropes raised the 
index up to this level. 

In 3 patients, balloons were inserted preoper- 
atively. Two had had previous operations and 
showed poor ventricular function, i.e., an ejec- 
tion fraction of less than 3096 on preoperative 
angiography. The third patient (Patient 1) had 
an anomalous left coronary artery and mitral 
regurgitation. Her preoperative electrocardio- 
gram showed evidence of ischemia. She was 
easily weaned at 24 hours from the balloon 
pump. Two of the 3 children requiring 
preoperative balloon support survived. The 
child who did not, died of renal and cere- 
brovascular complications on the fifth post- 
operative day. All 3 benefited hemodynami- 
cally from preoperative insertion in that they 
came off bypass easily and showed good aug- 

mentation. 
. The use of the external iliac artery to intro- 
duce the balloon allows the insertion of a larger 
size balloon and reduces the incidence of se- 
verely ischemic limbs. The external iliac artery 
is isolated easily in children by a low transverse 
abdominal incision reflecting the peritoneum 
superiorly and posteriorly. When placed in this 
position the distal limb is perfused by two large 
collateral vessels, the inferior epigastric and the 
deep circumflex iliac arteries, and they can ade- 
quately support the distal limb despite total oc- 
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Roentgenogram of a child weighing 8 kg with an 8 mm 
balloon in place. Arrows indicate the length of the bal- 
loon calculated from the diameter of the balloon cathe- 
ter. Note the length of the balloon below the diaphragm. 


clusion of the external iliac artery by the balloon 
catheter. 

It is difficult to distinguish between intraab- 
dominal complications due to the balloon and 
those due to a low output state, but the current 
pediatric balloon is too long. Two patients had 
renal failure that occurred because the balloon 
obstructed the renal arteries despite the proximal 
end lying correctly opposite the origin of the 
left subclavian artery. The Figure shows a 
chest and abdominal roentgenogram of a child 
weighing 8 kg with an 8 mm diameter balloon 
in place. The distance between the arrows rep- 
resents the length of the balloon (15 cm) as cal- 
culated from measuring the diameter of the 
balloon catheter (2.3 mm). It is apparent that a 
substantial part of the balloon lies subdia- 
phragmatically. 

Ihe manufacturer has varied balloon lengths 
to accommodate a fixed volume and diameter. 
Table 2 shows the average size of the balloon as 
measured by us in each size. In order to deter- 
mine the correct length and diameter of the 
balloon to use, we measured the length of the 
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Table 5. Length of Descending Aorta 
from 16 “Cut” Aortic Angiograms* 








Diameter Aortic 
Weight of Aorta? Length* 
Age (kg) (mm) (cm) 
19 mo 11.8 8.0 10.7 
3 yr: 13.5 9.0 11.3 
412 yr 16.5 9.0 10.9 
515 yr 19.5 12 12:3 
8 yr 22 9 10.5 
9 yr 21.5 17.4 16.7 
94/2 yr 32.3 16.5 18.5 
1014 yr 25 11.4 12.8 
1114 yr 46 16.1 18.4 
1214 yr 49 20.9 19.1 
1215 yr 27 18.3 15.0 
1212 yr 45 25.2 22.5 
15 yr 44.5 17.8 21.6 
15 yr 55 22.4 19.4 
1715 yr 43 19.6 17.6 
19 yr 49 18.3 15.0 


?Power curve generated: y = 3.4x9^*, r = 0.721, where y = 
aortic length and x = weight. 

"Measured immediately below the left subclavian artery. 
*Measured from the left subclavian artery to the top of the 
twelfth thoracic level. 


descending aorta between the left subclavian 
artery and the diaphragm and the diameter of 
the descending aorta just below the left subcla- 
vian artery in 16 children with no cardiac dis- 
ease on “cut” aortograms. Table 5 shows these 
data. The smallest balloon, 8 mm in diameter, 
has a length of 15 cm, and it appears from our 
measurements that the descending aorta does 
not reach this length until the child is 8 to 10 
years of age and 20 to 30 kg in body weight. In a 
child less than 5 years old in whom the present 
8 mm balloon is inserted, a substantial part of it 
must lie subdiaphragmatically and obscure the 
orifice of the abdominal vessels during infla- 
tion. At the same time, the smallest diameter of 
the aorta that we measured was 8 mm and, 
given the elasticity of a young child's aorta, a 
larger diameter balloon could be accommo- 
dated. As a further aid, we are amassing data 
on this length and diameter from mea- 
surements made at postmortem study, and, 
in the future, the balloon size chosen will be 
judged not only on how large a size can be con- 


veniently inserted but also on the length and 
volume of the balloon. We are about to evaluate 
a balloon that uses the same volume as the 
current series but has a greater diameter and 
shorter length for a given volume. 

Heart rate should be kept below 130 to 140 
beats per minute because above this rate no aug- 
mentation was seen in most patients. We try 
to achieve this by using pacing in preference to 
chronotropes for rate effect. We now routinely 
use atrial or atrioventricular sequential modes 
of pacing. Pressure exhaust mode of logic for 
pumping is better at higher rates, as suggested 
by the manufacturer. We found the timing from 
the electrocardiogram more reliable than arte- 
rial pressure from a peripheral arterial line 
which may be greatly damped in children who 
are receiving large doses of inotropes. We have 
only used arterial pressure for timing for short 
periods in the operating room when the electro- 
cardiogram was distorted by electrical inter- 
ference from diathermy. Our anticoagulation 
regimen seems effective since peripheral emboli- 
zation has not been a problem and the balloon 
has not induced hemolysis or thrombocyto- 
penia. 

From our experience, it appears that for chil- 
dren 5 years old or more, the IABP is a valuable 
method of postoperative support following car- 
diac operation. Small children with low cardiac 
output require additional support beyond that 
provided by the IABP for survival after opera- 
tion. For the small child, the present pediatric 
balloons are too long, extending well below the 
diaphragm. The external iliac artery should be 
the first choice for balloon insertion. Augmen- 
tation is better if the rate is kept below 130 
beats per minute. 
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Tetralogy of Fallot 


Associated with Aortic Insufficiency 


Hikaru Matsuda, M.D., Katsuhiko Ihara, M.D., Tohru Mori, M.D., 
Soichiro Kitamura, M.D., and Yasunaru Kawashima, M.D. 


ABSTRACT Five patients with tetralogy of Fallot 
associated with aortic insufficiency were studied. 
They ranged from 6 to 34 years old (mean, 14 years), 
and 2 patients had a history of subacute bacterial en- 
docarditis. Four patients had a bulboventricular type 
of ventricular septal defect. Prolapse of the right 
coronary cusp was the main cause of aortic insuffi- 
ciency. Deformed valve secondary to subacute bacte- 
rial endocarditis and severe dilatation of the aor- 
tic annulus were the other causes. In addition to 
repair of the tetralogy defect, aortic valvuloplasty 
was performed in 2 patients. In the remaining 3 pa- 
tients, the ventricular septal defect was closed with a 
relatively small-sized patch and no aortotomy was 
made. Four patients survived the operation, and no 
residual aortic insufficiency was observed in 3 of 
them. The etiology and the method of operation are 
discussed: 


Aortic insufficiency (AI) has been described as 
an uncommon associated abnormality in pa- 
tients with tetralogy of Fallot (TF) [4; 9]. In 1975, 
however, Rieker and co-workers [12] reported a 
higher incidence of AI when aortography was 
performed in patients with TF before and after 
repair. From the surgical aspect, this associated 
lesion increases the risk of operation and has to 
be managed properly at the time of repair. 

Out of the total series of 300 patients with TF 
who underwent repair at Osaka University 
Hospital in the last ten years, 5 patients were 
found to have associated Al. The purpose of 
this report is to describe the clinical findings in 
these 5 patients (Table) and review the litera- 
ture discussing the etiology and the method of 
operation. 
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Case Reports 

Patient 1 

A 10-year-old girl who had had cyanosis since 
early childhood and been diagnosed as having 
Fallot's tetralogy was admitted for repair in 
February, 1967. On admission, a diastolic mur- 
mur was noted at the left second intercostal 
space and a systolic ejection murmur at the 
left third and fourth intercostal space. Electro- 
cardiogram indicated right ventricular hyper- 
trophy as well as a slight degree of left ven- 
tricular hypertrophy. Cardiac catheterization 
revealed a tetralogy of Fallot defect. Retro- 
grade aortography was not performed. 

At operation, there was a large amount of 
intracardiac blood return through the incom- 
petent aortic valve. The right coronary cusp was 
redundant and prolapsed through the ven- 
tricular septal defect (VSD), which was of the 
bulboventricular type with the upper margin 
extending up to the pulmonary annulus. This 
defect was closed with a relatively small-sized 
Teflon patch, and a decrease of aortic regurgi- 
tation was anticipated by pushing back the 
prolapsed cusp with the patch. Postoperatively, 
the hemodynamic condition was satisfactory 
and a diastolic murmur was not audible. How- 
ever, persistent generalized convulsions de- 
veloped soon after operation, and the patient 
died on the second postoperative day following 
gradual deterioration. The postmortem find- 
ings showed a redundant and prolapsed right 
coronary cusp (Fig 1). 


Patient 2 

A 10-year-old girl who had had cyanosis and a 
heart murmur since childhood was admitted for 
repair of Fallot's tetralogy in February, 1970. 
She was found to be mildly cyanotic and had a 
grade 4/6 systolic murmur along the left sternal 
border. A diastolic murmur was not audible. 
Angiocardiography revealed moderate infun- 
dibular and valvular pulmonary stenosis with a 
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Clinical and Anatomical Findings in 5 Patients Operated on for Tetralogy of Fallot and Associated AI 


I ————————————————M— ERRARE A 


Patient No., History Direct Surgical 
Age (yr), Diastolic — of Retrograde Type of Cause Procedure 
Sex Murmur SBE Aortography VSD of Al for AI . Results 


-—— À———————— n H —— à" ———— ——————— CUM 


1. 10, F Yes No No BV Prolapse of | VSD closed? Died of cerebral 
RCC complication 

2. 10, F No No AI (+) BV Prolapse of | VSD closed? Alive 
RCC 

3. 16, F Yes Yes AI (++) Infracristal Deformed Aartic valvulo- Alive 
NCC and plasty 
LCC 

4. 6M Contin- No ' No BV Severe VSD closed? Alive 

uous dilatation 
of aortic 
| annulus 
5. 34, F Yes Yes Al (++) BV Prolapsed, Aortic valvulo- ^ Alive 


*VSD was closed with a relatively small-sized Teflon patch. 


deformed plasty 
RCC 


Al = aortic insufficiency; SBE = subacute bacterial endocarditis; VSD = ventricular septal defect; BV = bulboventricular; 
RCC = right coronary cusp; NCC = noncoronary cusp; LCC = left coronary cusp. 
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Fig 1. The aortic valve of Patient 1 at postmortem ex- 
amination. The right coronary cusp (RCC) is thickened 
and redundant, prolapsing downward through the ven- 
tricular septal defect (patched). 


right-to-left shunt. Anterior protrusion of the 
right coronary cusp was noticed, and a retro- 
grade aortogram revealed a slight degree of 
aortic regurgitation. At operation, the right 
coronary cusp was found to have prolapsed 
through the VSD, which was of the bulbo- 


ventricular type. The aortic regurgitation was 
minimal, and aortotomy was not attempted. 
The VSD was closed with a Teflon patch in the 
same manner as in Patient 1. The postoperative 
course was uneventful, and no diastolic mur- 
mur was audible after operation. 


Patient 3 

A 16-year-old girl with a diagnosis of Fallot’s 
tetralogy was admitted for repair in January, 
1973. She had been cyanotic since early child- 
hood and was suspected to have had subacute 
bacterial endocarditis when she was 2 years of 
age. On admission, she was mildly cyanotic 
and a grade 3/6 systolic murmur was heard 
along the left sternal:border. A grade 2/6 dias- 
tolic decrescendo murmur ‘was also audible in 
the aortic valve area. Blood pressure was 110/50 
mm Hg. Angiocardiograms revealed severe infun- 
dibular and valvular pulmonary stenosis (Fig 2A); 
a retrograde aortogram demonstrated a moder- 
ate degree of aortic regurgitation (Fig 2B). 

At operation, the left’ coronary cusp was 
found to be redundant with many small ver- 
rucae on its edge. The noncoronary cusp was 
moderately retracted. These findings suggested 
that the aortic insufficiency resulted from ac- 
quired changes in the valve combined with the 
congenital deformity. Aortic valvuloplasty was 
performed by plicating the redundant cusp to 
the aortic wall. The postoperative course was 
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Fig 2. (Patient 3.) Preoperative angiocardiograms (lat- 
eral views). (A) Right ventriculogram indicates abnor- 
malities of tetralogy of Fallot. (B) Retrograde aortogram 
shows moderate aortic regurgitation. 


uneventful, and no diastolic murmur was audi- 
ble at discharge. 


Patient 4 

A 6-year-old boy was noticed to be cyanotic 
soon after birth, and anoxic spells developed 
after he was 6 months old. Cardiac catheteriza- 
tion when he was 1 year old revealed Fal- 
lots tetralogy with pulmonary atresia. A left 
Blalock-Taussig anastomosis was created when 
he was 3 years old and resulted in clinical im- 
provement. When he was admitted for repair in 
February, 1974, he was severely cyanotic and a 
grade 3/6 continuous murmur was heard along 
the upper left sternal border. Blood pressure 
was 110/86 mm. Hg. The right ventricular cine- 
angiogram performed prior to operation in- 
dicated the presence of aortic regurgitation. 

At operation,:the pulmonary artery trunk was 
hypoplastic, and both main pulmonary arteries 
were markedly stenotic at the bifurcation. The 
aortic regurgitation was found to have resulted 
from inadequate central apposition of the aortic 
leaflets secondary to marked dilatation of the 





aortic annulus. The VSD was of the bulboven- 
tricular type and was closed with a Teflon patch 
of relatively small size. A marked decrease of 
blood return through the left ventricular vent 
indicated a major reduction in aortic regurgita- 
tion. The reconstruction of the right ventricular 
outflow tract was performed with an aortic 
homograft. The postoperative course was un- 
eventful, and he was discharged twenty-five 
days after operation without diastolic murmur. 
Two years later at cardiac catheterization, no 
aortic regurgitation was revealed. 


Patient 5 

A 34-year-old housewife who had had a heart 
murmur since childhood and mild limitation of 
physical activities was admitted for repair in 
April, 1978. She had her first episode of sub- 
acute bacterial endocarditis when she was 20 
years old and subsequently had had recurrence 
when she was 30 and 32 years old. At cardiac 
catheterization 6 months before operation, the 
diagnosis of Fallot’s tetralogy with patent 
ductus arteriosus was made (Fig 3A). Aortic 
regurgitation of moderate degree was also re- 
vealed by retrograde aortography (Fig 3B). On 
admission, she was mildly cyanotic, and blood 
pressure was 106/50 mm Hg. A loud harsh sys- 
tolic murmur and a continuous murmur were 


532 


3 
} 


L] 

LJ 
be 
j af 
4 e 

3 SN 
D 4 

HZ ; 
Ln 
t X 
ant 
EUN 
“i i) 
t 
` E 
io 
"Ur 
Ig ys 
Fuel . 
WS 
—- 4 


Fig 3. (Patient 5.) Preoperative angiocardiograms (lat- 
eral views). (A) Right ventriculogram indicates infun- 
dibular pulmonary stenosis (PS) and right-to-left shunt 
through the ventricular septal defect (VSD). (B) Aorto- 
gram shows moderate aortic regurgitation. (RCC = 
right coronary cusp.) 


audible at the left second and third intercostal 
spaces. A diastolic decrescendo murmur was 
also heard at the aortic valve area. Chest roent- 
genogram showed cardiomegaly of moderate 
degree, and an electrocardiogram indicated 
biventricular hypertrophy. 

Operation was performed on April 24, 1978, 
and the preoperative diagnosis was confirmed. 
Pulmonary stenosis was mainly valvular, and 
the VSD was a large bulboventricular type. The 
right coronary cusp was prolapsed downward 
and also was partly retracted, with fibrous thick- 
ening of the tissue suggesting the presence of 
previous inflammation. Aortic valvuloplasty 
was performed by plicating the -ight coronary 
cusp at the commissure. The postoperative 
course was uneventful, and no apparent dias- 
tolic murmur was audible at discharge. Cardiac 
catheterization a year after operation showed a 
minimum degree of aortic regurgitation. 


Comment 

The surgical literature has reports of several 
anatomical abnormalities of the aortic valve that 
contribute to AI in patients with TF and this as- 
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sociated lesion. The first is prolapse of the right 
coronary cusp through the VSD. Prolapse of an 
aortic cusp causing AI in patients with TF was 
described by Bahnson and associates [1] in 
1962. Lev [8], Rao [11], and their associates re- 
ported that the same lesions were found in 3 
patients postmortem. In the present report, 3 
patients with a prolapsed right coronary cusp 
had a bulboventricular type of VSD in which 
the crista supraventricularis was defective and 
the upper margin of the defect extended to the 
pulmonary annulus [3]. This type of VSD is also 
called subpulmonic VSD [10]. 

Anatomically, this combination of AI and 
bulboventricular VSD in patients with TF ap- 
pears to be similar to the AI of the prolapsed 
aortic cusp occurring with isolated supracristal 
or subpulmonary VSD [5, 12, 13]. However, the 
incidence of AI is very low in patients with TF 
even though the aortic valve seems to be less 
well supported from below with aortic overriding 
[4]. This difference in incidence may be due to 
the following different hemodynamics: The 
blood flow through the VSD in TF is mainly 
from the right ventricle to the left ventricular 
outflow tract, and the aortic valve is not likely 
to be distorted during systole. Conversely, a 
shunt flow in an isolated supracristal VSD goes 
from the left ventricle to the right side of the 
heart and causes distortion and herniation of 
the right coronary cusp. 


/ 
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The bulboventricular type of VSD in TF might 
be controversial [3]. In our department, this 
type of VSD has been found in about 20% of 
patients with TF who underwent operation [6]. 
Although this subgroup differs from patients 
with classic TF in terms of anatomy, it should 
be included in TF because there is no difference 
in hemodynamic characteristics or surgical pro- 
cedure. Also, the outflow patch reconstruction 
is required more often in patients with this 
type of VSD compared with regular TF regard- 
less of the size of the pulmonary artery [6, 10]. 

The second cause of AI in patients with TF 
and AI is deformed aortic cusps as a result of 
subacute bacterial endocarditis. Although not 
proved histologically, the deformed cusps in 
Patient 3 which had unusual changes associated 


with verrucae were considered to have been. 


caused by previous subacute bacterial endocar- 


ditis. In Patient 5, some inflammatory changes . 


were found in addition to the prolapsed right 
coronary cusp. This type of deformity of the 
valve with AI partly or totally secondary to pre- 
vious subacute bacterial endocarditis was re- 
ported in an aged patient [2]. 

The third cause—severe dilatation of the aor- 
tic annulus—was reported by Kirklin and Karp 
[7]. It appears to result from increased blood 
flow through the aorta for a long period [12]. 


The fourth cause is a bicuspid aortic valve. It- 


also is a rare associated anomaly in patients 
with TF. AI resulting from this lesion has been 
reported [4, 13]. Abnormal commissures with- 


out adequate apposition of the aortic valve 


was the cause of AI in these patients. 

The age of the patients with TF and AI re- 
ported here was relatively high, and the AI had 
not been noticed in earlier examinations. This 
associated lesion may be recognized as one of 
the late complications in the natural history of 
TF. Therefore, surgical treatment should be 
performed at an early age if technically feasible 
even if the AI is present, and repair without 
involving the aortic valve may be possible. 

The operative method for the AI depends on 
the severity of the anatomical changes of the 
valve and the position of the VSD. If the VSD is 
a bulboventricular type and if the aortic valve is 
prolapsing, closure of the VSD with a patch of 
relatively small size so as to push the herniated 
cusp back to the left side may be enough to 


eliminate or minimize the aortic regurgitation, 
as reported here. Aortic valvuloplasty should be 
added if the prolapse is severe or if there is a 
regular infracristal VSD. 

In summary, the prolapse of a right coronary 
cusp causing AI seems likely to develop in pa- 
tients with TF and a bulboventricular type of 
VSD. Subacute bacterial endocarditis appears 
to be the additional factor in the development 
of Alin patients with TF. Finally, the associated 
AI must be remembered at the time of preoper- 
ative study as well as at operation for TF. 
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Coronary Artery Bypass Grafts: 
Increased Flow in the Farly Postoperative Period 


James T. Sturm, M.D., Norman J. Snow, M.D., 
Daniel W. vanHeeckeren, M.D., Julie A. Clayman, M.D., 
Terrance P. Horrigan, M.D., and Jay L. Ankeney, M.D. 


ABSTRACT The long-term outcome of coronary 
artery bypass operations is contingent upon the pa- 
tency of aortocoronary bypass grafts. Flow mea- 
surements taken at operation may not truly reflect the 
capacity of the graft to carry flow because the heart 
may not have fully recovered from the consequences 
of ischemic arrest, despite the protective effects of 
hypothermic cardioplegia. 

During a three-year period, we observed increases 
of up to 20096 in the flow rate of 8 of 11 saphenous 
vein grafts in 7 patients who underwent reoperation 
for bleeding or cardiac tamponade in the early post- 
operative period. At initial operation, flow rates 
ranged from 25 ml/min to 130 ml/min (mean value, 
66.8 + 10.3 ml/min [standard error of the mean]. At 
reexploration, flow measurements ranged from 0 
ml/min (graft clotted) to 260 ml/min (mean value, 110 
+ 22.8 ml/min). This difference was statistically sig- 
nificant (p < 0.02). This study documents that flow 
rate measurements in saphenous vein aorotocoro- 
nary bypass grafts can increase in the early post- 
operative period although the exact mechanism by 
which this occurs is not known. 


From a theoretical point of view, the ultimate 
success of coronary revascularization proce- 
dures is predicated on the long-term patency of 
aortocoronary bypass grafts. Accordingly, a 
great deal of attention has been directed toward 
determining which factors influence graft pa- 
tency. Age and sex of the patient, presence or 
absence of diabetes, degree and distribution of 
stenoses in the coronary circulation, size of the 
recipient vessel, and flow rates in the grafts 
measured at the time of operation have all been 
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analyzed to determine their relationship to 
long-term patency of vein grafts. 

Although measurements of blood flow in the 
coronary artery bypass grafts at the time of op- 
eration correlate fairly well with early and late 
patency rates, some grafts with low flow rates 
remain open and others with initially good flow 
rates become occluded [2, 3, 7]. The determi- 
nants of flow in coronary artery bypass grafts are 
multiple, and it is reasonable to assume that 
flow rates might be different once the heart re- 
covers fully from ischemic or hypothermic, car- 
dioplegic arrest. The present communication 
was prompted by the observation of increased 
flow in 8 of 11 saphenous vein grafts among 7 
patients who underwent reoperation for per- 
sistent bleeding or cardiac tamponade in the 
early postoperative period. 


Material and Methods : 

Between July 1, 1976, and March 1, 1979, 7 pa- 
tients who required reoperation for bleeding 
or cardiac tamponade had repeat flow mea- 
surements of saphenous vein aortocoronary 
bypass grafts. Ages of the 7 patients ranged 
from 39 to 66 years. Six patients were men. 


Coronary bypass was performed in 6 patients, 


and combined mitral valve replacement and 
coronary bypass was done in 1 patient (Table). 
Eleven saphenous vein grafts were evaluated. 
The patients underwent aortocoronary by- 
pass grafting using standard techniques and 
either ischemic (2 patients) or hypothermic, 
cardioplegic arrest. Flow was not measured for 
internal mammary artery grafts (when present) 
because the:left internal mammary arteries were 
dissected with their muscular pedicles. The 
flow measurements recorded at initial opera- 
tion were compared with those made at re- 
operation. Measurements were made with a 
square-wave electromagnetic flowmeter ap- 
proximately fifteen minutes after the comple- 
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Saphenous Vein Graft Flow Measured at Initial and Early Reoperation 
MN SES ilL 
Flow (ml/min)? 





Indication Reactive 
Age, for Initial Hyper- 
Sex Reoperation Operation Initial emia? 
39, F Cardiac tam- SVG-RCA; 25 25 
ponade SVG-CCA; 55 55 
IMA-LAD 
61, M Bleeding SVG-RCA; 80 130 
SVG-CCA; 25 40 
IMA-LAD 
53,M | Cardiac tam- SVG-RCA; 50 
ponade SVG-CCA; 30 
IMA-LAD 
56,M Bleeding Sequential 80 
SVG-RCA- 
CCA; 
MVR 
57,M  Cardiactam- Sequential 110 180 
ponade LAD-Dx,- 
Dx,-LV,- 
LV3-RCA 


66,M Bleeding SVG-LAD; 75 120 
sequential 75 
SVG-LV- 


PDA 

Sequential 130 
SVG-RCA- 
LV,-LV,- 
LAD 


56,M Bleeding 


^Measured with square-wave electromagnetic flowmeter. 
"Reactive hyperemia after twenty seconds of graft occlusion. 


*"Thrombosed due to axial torsion; thrombectomy and revision done. 


Vasoactive 
Reopera- Percent Interval Drugs at 
tion Change (hr) Reoperation Outcome 
50 100 8 None Good 
55 0 
120 50 3 None Good 
0 — 40° 0 
110 120 4 None Good 
95 217 
200 150 10 Epinephrine Died of 
low 
cardiac 
output 
180 64 24 Dopamine Good 
75 0 4 None Good 
70 = 
260 100 6 None Good 


SVG = saphenous vein graft; RCA = right coronary artery; CCA = circumflex coronary artery; IMA = internal mammary artery; LAD = left 
anterior descending coronary artery; MVR = mitral valve replacement; Dx = diagonal branch of LAD; LV = lateral ventricular branch of 


CCA; PDA = posterior descending coronary artery. 


tion of cardiopulmonary bypass when the mean 
arterial pressure was 70 to 80 mm Hg. No pa- 
tient required inotropic drugs for weaning from 
cardiopulmonary bypass, and no patient re- 
ceived vasoactive drugs during the initial 
measurements. Two patients received inotropic 
drugs prior to reoperation, but these drugs 
were discontinued after tamponade and hy- 
povolemia were corrected, which was ap- 
proximately fifteen minutes before repeat 
measurements were made. Repeat blood flow 
measurements were performed just. prior to 
closure of the incision when mean arterial 
pressure was 70 to 80 mm Hg. The differences 
in graft flow rates at initial operation and at re- 
exploration were analyzed for statistical sig- 
nificance using the Student t test for paired 
data. 
The following case reports were typical. 


Patient 2 

A 61-year-old man who had been experiencing 
progressively more severe angina underwent 
cardiac catheterization. It demonstrated sub- 
total occlusion of the right coronary artery 
(RCA), a 90% obstruction of the left anterior de- 
scending coronary artery (LAD), and 50% 
stenosis of a large lateral ventricular branch of 
the circumflex coronary artery (CCA). Coronary 
artery bypass was accomplished by saphenous 
vein grafts to the RCA and to the ventricular 
branch of the CCA. A left internal mammary 
artery graft to the LAD completed the revas- 
cularization. Flow through the RCA graft was 
80 ml/min, rising to 130 ml/min with reactive 
hypetemia, while flow in the CCA graft was 25 
ml/min, rising to 40 ml/min with reactive 
hyperemia. Three hours after operation, the 
patient became hypotensive, and the left 
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hemithorax filled with blood. Reexploration re- 
vealed a large hemothorax, which was evac- 
uated. After hemostasis had been achieved, 
repeat evaluation. documented that flow in 
the RCA graft was 120 ml/min. The CCA graft, 
which had become occluded secondary to 
axial torsion, was revised successfully and 
achieved an eventual flow rate of 40 ml/min. Re- 
covery was uneventful, and the patient is cur- 
rently asymptomatic. 


Patient 3 

A 53-year-old man had a severe episode of 
coronary insufficiency after three years of stable 
angina. Coronary angiography showed com- 
plete occlusion of the RCA and CCA and 7096 
stenosis of the LAD, with mild elevation of the 
left ventricular end-diastolic pressure. Coro- 
nary revascularization was accomplished with a 
saphenous vein graft to the RCA and CCA, and 
a left internal mammary artery graft to the LAD. 
Flow measured 50 ml/min in the RCA graft and 
30 ml/min in the CCA graft. After successful 
reoperation several hours later for cardiac tam- 
ponade, remeasurement of the graft flows re- 
vealed a flow of 110 ml/min in the RCA graft 
and 95 ml/min in the CCA graft. Recovery was 
complete following reclosure of a subsequent 
sternal dehiscence, and the patient remains 
asymptomatic. 


Results 

At initial operation, flow rates in the vein grafts 
ranged from 25 ml/min to 130 ml/min, with a 
mean value of 66.8 + 10.3 ml/min (standard 
error of the mean). At early reoperation, flow 
rate measurements ranged from 0 ml/min (graft 
clotted) to 260 ml/min, with a mean flow of 110 
+ 22.8 ml/min. The difference in the mean flow 
rates was statistically significant (p « 0.02) 
(Figure). Of interest, the only vein graft found 
to be thrombosed due to axial torsion was re- 
vised successfully with a resultant 6096 increase 
in the flow rate compared with initial flow. All 
surviving patients remain asymptomatic and 
for that reason have not undergone repeat car- 
diac catheterization. 


i80 
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Differences observed in the flow rates of 11 saphenous 
vein grafts measured at initial and early reoperation. 
Values are plotted as mean + standard error of the 
mean. The difference is statistically significant (p < 
0.02). 


Comment 

The present study indicates that flow rates in 
coronary artery bypass grafts measured at oper- 
ation can be lower than flow rates measured 
later in the postoperative period. The mecha- 
nisms responsible for the observed increases 
are not known at this time. These observed in- 
creases might be the result of more complete re- 
covery of the myocardium following ischemic 
or hypothermic, cardioplegic arrest. With im- 
proved cardiac output and increased coronary 
perfusion pressure, flow will increase. Alterna- 
tively, a decrease in vascular resistance would 
also allow flow to increase. Finally, a combina- 
tion of increased cardiac output and decreased 
vascular resistance could account for the ob- 
served increases in flow reported here. 

The coronary circulation is known to au- 
toregulate itself. Its flow is related directly to 
the perfusion pressure and inversely to the re- 
sistance of the coronary bed. In this series of 
patients, the coronary perfusion pressure gra- 
dient was low at the time of reoperation, when 
each patient had a low normal or hypotensive 
blood pressure. Two patients were receiving 
cardiotonic drugs at the beginning of reopera- 
tion. This could have augmented flow in the 
saphenous vein graft by increasing the coro- 
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nary driving pressure and allowing vasodilata- 
tion of the coronary bed, but these intravenous 
infusions had been stopped fifteen minutes 
prior to measurements. Mechanical factors, 
such as clot in the mediastinum, would have 
tended to decrease flow in this group of pa- 
tients. 

A possible explanation of our findings might 
be found in considering the metabolic variables 
that influence coronary resistance. Resistance 1s 
affected by mechanical factors, metabolic prod- 
ucts, neural influences, and pharmacological 
agents [1]. There is a close relationship between 
myocardial oxygen consumption and flow in 
the coronary circulation. As myocardial oxygen 
consumption increases, one or more metabolic 
products that reduce coronary vascular tone ac- 
cumulate. Oxygen and carbon dioxide tensions, 
hydrogen and potassium ion concentrations, 
lactic acid, osmolarity, prostaglandins, and 
adenosine nucleotides have all been proposed 
as factors in linking myocardial oxygen con- 
sumption to coronary vascular tone [1]. Aden- 
osine is a potent coronary vasodilator formed 
by the action of 5’-nucleotidase on adenosine 
monophosphate. When myocardial oxygen 
consumption is high, as it may well have 
been with our patients, increased amounts of 
adenosine are available to dilate the coronary 
arteries. Release of adenosine might have been 
the mechanism that decreased vascular tone 
in the coronary circulation and thereby in- 
creased flow in the grafts. Although it is plau- 
sible that coronary resistance decreased 
during the early postoperative period, con- 
crete proof of this supposition is lacking. 

Certain physiological, pathological, and tech- 
nical factors have been demonstrated to af- 
fect the patency rates of aortocoronary bypass 
grafts [6]. The physiological factor most often 
discussed in this respect is the rate of flow in 
the graft at operation. Postoperative hemor- 
rhage, infection, or the postcardiotomy syn- 
drome may have a negative influence on graft 
patency [5]. Competition for flow occurs be- 
tween two grafts or between a graft and a native 
coronary artery as a result of the distribution of 
stenoses in the coronary circulation and as a re- 
sult of collateral circulation. This competition 


may decrease flow in grafts and therefore lessen 
the chance for a successful outcome. Technical 
aspects of vein harvesting and technical factors 
related to the construction of proximal and dis- 
tal anastomoses also affect graft patency. 

Conditions that do not influence graft flow or 
patency include age, sex, and weight of the pa- 
tient, and the presence or absence of cardio- 
megaly [2]. Patency rates are not affected by the 
degree of gradient across the lesion or the site of 
the distal anastomosis [7]. 

It has been established that flow measure- 
ments of less than 20 ml/min at the time of 
operation correlate with approximately a 50% 
graft occlusion rate at three-month follow-up. 
One-third of grafts with initial flow rates be- 
tween 20 ml/min and 40 ml/min fail within two 
years, and grafts with initial flow rates greater 
than 40 ml/min achieve patency rates of 90% [2, 
9,5; 7]. 

Marco and associates [3] studied the relation- 
ship of reactive hyperemia to both early and 
late postoperative patency rates. An absence of- 
response to thirty seconds of graft occlusion 
was associated with a 1996 early and a 596 late 
occlusion rate. Occlusion rates were not influ- 
enced by the magnitude of the hyperemic re- 
sponse. 

Response to injection of papaverine was pre- 
dictive of early patency in the series of patients 
reported by Grondin and co-workers [2]. 
Papaverine doubled the flow in grafts that re- 
mained open (i.e., mean flows increased from 
68 to 138 ml/min). Although a response was also 
noted in grafts that became occluded, basal and 
augmented flows in these grafts were lower 
(i.e., mean flows increased from 28 to 55 ml/ 
min). Five of the grafts that failed showed no 
response to the injection, whereas all the grafts 
that remained patent did respond to the drug. 
Marco and colleagues [3] observed that when 
the increase in flow was less than 10096 after 
injection of papaverine, 2096 of grafts failed 
early and 1096 failed late; fewer graft failures 
were noted when a greater than 10096 increase 
in flow followed the injection. 

Whether our findings are applicable to pa- 
tients who do not require reexploration for 
bleeding or cardiac tamponade remains spec- 
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ulative; nonetheless, we have established that 
it is possible for graft flow rates to change 
following operation. It is to be hoped that fu- 
ture measurements will shed more light on the 
mechanisms responsible for the data reported 
here. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery will 
give a voluntary recertification examination in 
the fall of 1981. Diplomates interested in par- 
ticipating in this examination should maintain 
a documented list of their cardiothoracic op- 
erations performed two years prior to applica- 
tion for recertification. They should also keep a 
record of their attendance at thoracic surgical 
meetings and other continuing medical educa- 
tion activities for the two years prior to appli- 
cation for recertification. | 


Some time during the summer, a Recertifica- 
tion Brochure will be mailed to all diplomates 
outlining the rules and requirements estab- 


lished for recertification in thoracic surgery... . 


This brochure will also contain information 
about applying for the voluntary recertification 
examination. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Rd, Detroit, MI 48205. 


Does Cardioplegic Arrest Compromise 
Long-Term Left Ventricular Function? 


Kit V. Arom, M.D., Frederick L. Grover, M.D., 


and J. Kent Trinkle, M.D. 


ABSTRACT This study was undertaken to evaluate 
the chronic, long-term effect of global ischemia pro- 
duced by cold potassium cardioplegia during car- 
diopulmonary bypass. Fifteen dogs underwent 
either control thoracotomy and chronic instrumenta- 
tion (Group A) or cardiopulmonary bypass and 60 
minutes of cold cardioplegic arrest (Group B). With 
the dogs conscious, hemodynamic variables and left 
ventricular studies were recorded weekly for 12 
weeks postoperatively, both at rest and during vol- 
ume overload with saline solution. Af rest, the heart 
rate in Group B was 18% higher and stroke volume 
was 14% lower than Group A. With volume over- 
load, cardiac output and maximum rate of rise of left 
ventricular pressure in Group B rose only from 3.7 + 
0.6 to 7.1 + 0.8 liters per minute and 2,410 + 220 to 
2,730 + 130 mm Hg per second, respectively, com- 
pared with 3.9 + 0.6 to 10.4 + 0.8 liters per minute 
and 2,740 + 230 to 3,890 + 350 mm Hg, respectively, 
in Group A (p « 0.01). In Group B, the other 
variables reached a plateau sooner than in Group A 
(48 versus 110 seconds). The left ventricular function 
curve showed a mild decrease in functional capacity 
and depressed contractility. Therefore, one hour of 
cardioplegic cardiac arrest caused no depression of 
function at rest. Mild depression of left ventricular 
function was demonstrated up to 7 weeks post- 
operatively during acute volume overload. 


The technique of myocardial protection using 
cold potassium-induced cardioplegia has re- 
duced the occurrence and extent of periopera- 
tive myocardial necrosis and has been shown to 
improve dramatically the early and late results 
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of cardiac operation [1, 2, 6-8, 11, 12, 14, 15]. 
However, the chronic long-term effect of global 
ischemia produced by cold potassium cardio- 
plegia on left ventricular function has not been 
defined. This study attempts to evaluate the 
three-month postoperative cardiac performance 
in the canine model subjected to one hour of 
global ischemia and cardioplegic arrest during 
cardiopulmonary bypass. We hypothesized 
that long-term damage due to intraoperative 
cardioplegic anoxic arrest occurs and can be 
detected by hemodynamic and histological 
studies during the chronic stages. 


Material and Methods 

Fifteen healthy, conditioned mongrel dogs 
weighing between 20.0 and 27.5 kg each (aver- 
age, 23.75 kg) were divided into two groups ac- 
cording to the operative procedures performed. 
The control group of 8 dogs (Group A) had tho- 
racotomy and chronic instrumentation. Seven 
dogs (Group B) underwent thoracotomy as in 
Group A, but also had cold potassium cardio- 
plegic cardiac arrest for one hour during total 
cardiopulmonary bypass. Both groups under- 
went left ventricular function studies at weekly 
intervals for 12 weeks postoperatively. All stud- 
ies were performed while the dogs were con- 
scious. 


Chronic Instrumentation 

Each animal was anesthetized with Pentothal 
(thiopental sodium) (30 mg per kilogram of 
body weight), and a left thoracotomy was per- 
formed under sterile conditions. A polyeth- 
ylene (PE) 90 catheter was inserted into the left 
atrium through the left atrial appendage, 
and an implantable solid-state pressure trans- 
ducer (P18 Konigsberg) was placed within the 
left ventricular wall. The catheters were an- 
chored to the endothoracic fascia and po- 
sitioned under the skin with the pullout end at 
the back of the neck. A PE 200 catheter was 
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positioned in the right atrium through the jug- 
ular vein. The end of this catheter was also bur- 
ied subcutaneously. The catheters were kept pa- 


tent with intermittent injections of heparinized. 


saline solution. 

Following completion of instrumentation, the 
thoracotomy was closed in Group A animals. 
Group B animals underwent total cardiopulmo- 
nary bypass and cardioplegic cardiac arrest. 


Cardioplegic Cardiac Arrest (Group B) 

seven dogs underwent total cardiopulmonary 
bypass with femoral artery cannulation and a 
single right atrial cannula. Details of the car- 


diopulmonary bypass technique have been de- - 


scribed previously [4]. Following 15 minutes of 
hemodynamic stabilization, with a perfusion 
rate of 80 + 3.8 ml per kilogram per minute and 
mean aortic pressures of 85 + 11 mm Hg, the 
aorta was cross-clamped, and 15 ml per kilo- 
gram of body weight of cold (0 to 4°C) car- 
dioplegic solution (5% dextrose and 0.25% 
normal saline solution, 40 mEq of potassium 
chloride, and 6 mEq of sodium bicarbonate per 
liter) was rapidly introduced into the aortic 
root. Diastolic cardioplegic arrest occurred in 
approximately 2 minutes. Half of the original 
dose of the cardioplegic solution (7.5 ml per 
kilogram) was administered at 20 and 40 min- 
utes after the initial dose. The myocardial tem- 
peratures were maintained below 20°C (16.4° + 
2.7°C) during the entire hour. Rectal tempera- 
tures were 30.1° + 2.7°C. 

A 20-minute period of reperfusion was 
_undertaken after an hour of global ischemia. 
Mean aortic pressure during perfusion was 77.4 


+ 5.8 mm Hg, and the temperature gradient 


between the perfusate and myocardium was 
kept at 4°C. 


Hemodynamic Measurements (Groups A and B) 

Approximately 1 week after thoracotomy, a 
Swan-Ganz thermodilution catheter was in- 
serted through the right external jugular vein 
with the tip positioned in the distal pulmonary 
artery. To ensure that the weekly left ventricular 
function studies were accurate, all animals were 
trained to lie quietly (without sedation) on their 
right side in a sling. With each dog in the con- 
scious state, the following measurements were 


obtained at weekly intervals for 12 consecutive 
weeks: heart rate, aortic pressure, mean left 
ventricular pressure and left ventricular end- 
diastolic pressure (LVEDP), maximum rate of 
rise of left ventricular pressure (dP/dtmax), left 
and right atrial pressures, cardiac output, elec- 
trocardiogram, and body weight. Cardiac func- 
tion curves were obtained during rapid infu- 
sion of a balanced saline solution through a PE 
200 catheter in the left jugular vein. A small 
roller pump was used to maintain a steady flow 
while changes in left atrial pressure and in 
other variables were recorded. One liter of 
saline solution was necessary to produce a 
plateau in cardiac output, and about 120 sec- 
onds were required to complete the necessary 
recordings to plot the function curves [3]. 

The left ventricular pressure and LVEDP were 
measured with an implanted Konigsberg P18 
transducer, a high-fidelity, solid-state, pressure 
transducer that has a natural frequency in ex- 
cess of 3,000 Hz and does not change in sen- 
sitivity during implantation. Correction for 
day-to-day zero drift was made by assuming 
that the resting LVEDP in the control animals 
was equal to the mean left atrial pressure, 
which was measured, through the implanted 
catheter, by a Statham P23 Db manometer. This 
was checked by simultaneously measuring left 
ventricular pressure through a catheter. Good 
correlation was obtained. The first differential 
of the left ventricular pressure was obtained 
with an active circuit, which was linear to 70 Hz 
[9]. 

The terms left ventricular output and cardiac 
output are used synonymously, and these 
values were obtained using both the dye- 
dilution and thermodilution methods. Because , 
of the necessity of rapid reproduction, the 
thermodilution method was used while the 
levels of cardiac function were being recorded. 
Just prior to infusion of the solution, a baseline 
cardiac output level was determined using 
dye dilution and was correlated with the ther- 
modilution technique. 

Left ventricular minute work (LVMW) in 
kilogram-meters was calculated from the for- 
mula 


LVMW (kg-m) = (CO [m AoP — m LAP])100 


A 
Wd 
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where CO = cardiac output in liters per minute; 
m AoP — mean systemic pressure in cm HO; 


and m LAP = mean left atrial pressure in 
cm HO. 
Left ventricular stroke work (LVSW) in 


gram-meters is calculated from the formula 
LVSW (gm-m) = (LVP — LVEDP) (1.36) (SV)/100 


where LVP = left ventricular pressure in mm 
Hg; LVEDP = left ventricular end-diastolic 
pressure in mm Hg; and SV = stroke volume in 
ml per heart beat. 

The mean left atrial pressure was noted dur- 
ing infusion of balanced saline solution and 
was plotted on the abscissa against cardiac out- 
put, LVMW, and LVSW. Thereafter, it was re- 
corded at weekly intervals, and the representa- 
tive curves were compared among that group 
and with the control group. Data were analyzed 
for statistical significance of difference by 
paired Student's t test and were expressed as 
mean + standard error of mean. 


Results 

HEART RATE. The heart rate at rest and dur- 
ing volume overload in both groups varied 
from week to week (Fig 1). At rest, the heart rate 
in Group A averaged 102 + 7 beats per minute. 
In Group B it was approximately 1896 higher 
but without any statistical significance. With 
volume overload, the difference in heart rate 
between the groups was minimal during the 
first 7 weeks, with an average of 188 + 9 beats 
per minute for both groups. After the seventh 
week, the average heart rate in Group B was al- 
ways higher than that in Group A, but the dif- 
ference was not statistically significant. The av- 
erage heart rate in Group B reached the plateau 
sooner than that in the control group (48 sec- 
onds versus 110 seconds) during volume over- 
load. 

CARDIAC OUTPUT. Resting cardiac output in 
both groups ranged from 2.8 + 0.9 to 4.2 + 0.6 
liters per minute (0.12 + 0.03 to 0.18 + 0.02 L/ 
kg/min) as determined on a week to week basis 
(see Fig 1). The difference between the groups 
was not statistically significant. During volume 
overloaa, the left ventricle of each control animal 
was able to generate the output normally with 
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Fig 1. The progressive changes in heart rate (HR), car- 
diac output (CO), and stroke volume (SV) at rest and 
with volume overload during the 12 weeks following 
thoracotomy (Group A) or 60 minutes of cold potassium 
cardioplegia (Group B). Note that no difference occurs 
in the HR, CO, and SV between these two groups at 
rest. With volume overload, the left ventricles in Group 
B animals were unable to generate CO normally during 
the first 7 weeks. (SEM - standard error of the mean.) 


an average of 10.4 + 0.7 liters per minute (0.44 
+ 0.02 L/kg/min). In Group B, however, the 
ventricular output rose only to 7.1 + 0.8 liters 
per minute (0.30 + 0.03 L/kg/min) during the 
first 7 weeks (approximately 5096 less than the 
control values). After 7 weeks, the ventricular 
output of Group B improved greatly, and the 
left ventricular response to the volume overload 
was similar to that of the control. 

STROKE VOLUME. Changes in stroke volume 
were proportionate to cardiac output (see Fig 1). 
In Group A, volume overload increased the av- 
erage stroke volume from 29 + 5 ml per minute 
to 49 + 6 ml per minute (1.21 + 0.2 to 2.61 = 
0.25 ml/kg/min). In Group B, during the first 7 
weeks, volume overload increased the average 
stroke volume from 26 + 4 ml per minute to 
only 39 + 5 ml per minute (1.09 + 0.16 to 1.64 + 
0.21 ml/kg/min), but after 7 weeks the stroke 
volume in Group B increased to a near normal 
level. 

LEFT ATRIAL PRESSURE AND LEFT VENTRICULAR 
END-DIASTOLIC PRESSURE. At rest, the left atrial 
pressure and LVEDP in Group B (6.9 + 2.5 and 
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Fig 2. The progressive changes in left atrial pressure 
(LAP) and left ventricular end-diastolic pressure 
(LVEDP). Note that the pressures in Group B were 
similar to those of the controls during the entire 12- 
week period. (SEM = standard error of the mean.) 
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Fig 3. The aortic (AoP) and mean left ventricular pres- 
sures (m LVP) during the 12-week period. Note that 
there was no difference in these pressures between 
Group A and Group B at rest and during volume over- 
load. (SEM = standard error of the mean.) 


5.2 + 0.9 mm Hg) were slightly higher than in 
Group A (4.0 + 2.5 and 4.4 + 1.2 mm Hg) dur- 
ing the first 7 weeks, but the difference was not 
statistically significant (Fig 2). These values 
were closer together after 7 weeks with volume 
overload. Both left atrial pressure and LVEDP in 
Group B were in the same range as the controls 
during the entire 12 weeks, although the left 
atrial pressure in Group B reached the plateau 
sooner than in Group A (52 seconds versus 112 
seconds). 

AORTIC AND LEFT VENTRICULAR PRESSURES. 
Changes in systolic systemic pressure corres- 
ponded with changes in mean left ventricu- 
lar pressure (Fig 3). The difference in resting 
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Fig 4. Change in maximum rate of rise of left 
ventricular pressure (dpldt Max) during the 12-week 
postoperative period. In both groups, this variable was 
normal at rest, but Group B animals did not respond 
normally to volume overload during the first 7 weeks. 
(SEM = standard error of the mean.) 


aortic pressure and mean left ventricular pres- 
sure between the two groups was minimal and 
approximately 125 mm Hg and 108 mm Hg, 
respectively. There were little differences in 
these pressures in both groups during volume 
overload. 

MAXIMUM RATE OF RISE OF LEFT VENTRICULAR 
PRESSURE.  Atrest, the control dP/dt,4, was 2,740 
+ 230 mm Hg per second (Fig 4). Volume over- 
load increased it to 3,890 + 350 (41% rise). In 
Group B, the resting dP/dtma, was 2,410 + 220 
mm Hg per second. With volume overload it 
rose to only 2,730 + 130 (13% rise) during the 
first 7 weeks. After 7 weeks, the response to 
volume overload improved but not quite to the 
level noted in the control group. 

LEFT VENTRICULAR FUNCTION CURVES. Left 
ventricular stroke work was calculated and 
plotted graphically against left atrial pressure 
(Fig 5). In Group A there were no significant 
changes in the curves at 2, 6, and 12 weeks. In 
Group B the representative curve at 2 weeks 
varied only slightly from that of the control 
group. Át 6 weeks, a curve shift to the right and 
decrease in "slope" were noted, suggesting a 
decrease in compliance and contractility. At 12 
weeks, both compliance and contractility im- 
proved (as reflected by the curves), but not quite 
to the levels noted in the control group. 

Ventricular (cardiac) output curves were 
plotted against the left atrial pressure (Fig 6). 
The mean plateau of cardiac output in the con- 
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Fig 5. The average curve of left ventricular stroke work 
(LVSW). The LVSW of the animals (average weight, 
23.75 kg) in both groups was plotted against mean left 
atrial pressure at the second, sixth, and twelfth post- 
operative week. Note that in Group B the curve repre- 
senting the sixth week shows a significant shift to the 
right and also a decrease in the "slope." Bars through 
the point represent standard error of the mean. 
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Fig 6. Curves of average ventricular (cardiac) output. 
Cardiac output of the dogs (average weight, 23.75 kg) in 
both groups was plotted against mean left atrial pres- 
sure during the second, sixth, and twelfth postoperative 
week. Note that the ability of the heart in Group B ani- 
mals to pump blood was diminished at 6 weeks. Bars 
through the point represent the standard error of the 
mean. 


trol animals was 10.6 + 0.9 liters per minute 
(0.45 + 0.03 L/kg/min). This plateau was found 
to be almost constant, but the onset of the 
plateau did not occur at the same mean left 
atrial pressure. There was no significant differ- 
ence in the curves obtained at 2, 6, and 12 
weeks in the control group. However, in Group 
B there was a definite change in the slope with a 


minimal shift toward the right at 6 weeks. At 12 
weeks, a slope in the curves indicated that both 
compliance and contractility had improved to 
near normal values. 

Left ventricular minute work was also calcu- 
lated and plotted against left atrial pressure. 
The changes in the curves were similar to the 
ventricular output curves. 

Electrocardiogram and general condition, in- 
cluding body weight, were observed every 
other day. There was no noticeable change in 
general condition or on electrocardiogram even 
during the first 7 weeks when mild depression 
in left ventricular function was detected dur- 
ing acute volume overload. All hemodynamic 
variables at rest and during stress with volume 
overload were normal except the inability of the 
left ventricle to pump blood when the heart rate 
reached plateau level during acute volume 
overload. 


Comment 
Assuming that the performance of a cardiac op- 
eration is technically correct, the major limiting 
factor in morbidity and mortality is preserva- 
tion of the myocardium. Many operative deaths 
are related to lack of proper myocardial protec- 
tion. In addition, many patients survive opera- 
tive procedures but are limited in physical 
ability afterward because of left ventricular 
damage that occurred during the procedure 
[10]. 

Several techniques can be employed to pro- 
tect the myocardium during cardiac operations. 
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They include coronary perfusion, systemic 
hypothermia, topical hypothermia, cold potas- 
sium cardioplegia, and various pharmacologi- 
cal agents. At present, cold potassium-induced 
cardioplegia appears to be the most popular 
method [5, 10]. However, long-term effects of 
the temperature and potassium on the left 
ventricular function are still undetermined. 
Our experimental model was designed to 
simulate clinical techniques. However, the pro- 
cedures were carried out in healthy dogs and 


thus may limit the relevance of our findings in . 


terms of clinical application. Commonly used 
bypass techniques were applied. Perfusion 
pressure was maintained above 70 mm Hg, 
bypass flow ranged from 70 to 100 ml per kilo- 
gram per minute, and hypothermia to 30°C with 
hemodilution was utilized. 

Left ventricular function curves were con- 
structed (see Figs 5, 6). The second, sixth, and 
twelfth weeks after operation were selected to 
represent an early postoperative period, a 
period of mild change in left ventricular func- 
tion secondary to the stress, and a recovery 
period, respectively. The curves showed that 


the left ventricular function had declined . 


slightly at 6 weeks. The stroke work output 
curves demonstrated that the heart itself was 
weakened by cold potassium cardioplegic solu- 
tion. The ventricular output curves demon- 
strated that during this stress period, the net 
ability of the heart to pump blood through the 
vascular tree was also diminished. 

The ventricular function curve is a standard 
method for in vivo evaluation of ventricular 
performance [13]. It is based on the Frank- 
Starling mechanism, which relates myocardial 
fiber tension to fiber length. For the intact 
heart, stroke work is equated to fiber tension 
and ventricular filling pressure is equated to 
fiber length (preload). Use of the ventricular 
function curve to assess myocardial contractility 
requires the assumption that, for any given 
intervention, the relationship of filling pressure 
to fiber length is constant; that is, the left 
ventricular compliance does not change. In fact, 
changes in contractility are commonly associ- 
ated with changes in compliance. Although this 
invalidates the technique for evaluation of 


changes in contractility alone, the technique 
remains useful if one is considering overall 
changes in ventricular performance, including 
both contractility and compliance. Changes in 
contractility are reflected by shifts in the 
"slope" of the function curves and changes in 
compliance, by lateral shifts in the curves. 

This study documents that one hour of cold 
potassium cardioplegic cardiac arrest with 1 
part 596 dextrose to 4 parts normal saline solu- 
tion, 40 mEq of potassium chloride and 6 mEq 
sodium bicarbonate per liter caused no left 
ventricular depression at rest. However, mild 
left ventricular depression was demonstrated 
up to 7 weeks postoperatively when the left 
ventricle was challenged with acute volume 
overload. In this setting the myocardium may 
incur damage that is evident only during 
maximum stress. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 
will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration for 1981 is Au- 
gust 1, 1980. The exact times and places of these 
examinations will be announced later. 


A candidate applying for admission to the 
1981 certifying examination must fulfill all the 
requirements for the Board in force at the time 
the application is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


The Flexible Fiberoptic Bronchoscope: 
Diagnostic Tool or Medical Toy? 


Frederick H. Taylor, M.D., Felix A. Evangelist, M.D., 


and B. Frank Barham, M.D. 


ABSTRACT "We began using the fiberoptic bron- 
choscope March 1, 1971, and after more than 2,800 
examinations are convinced it is a highly useful diag- 
nostic tool. We pass the open-end straight broncho- 
scope into the upper trachea under local anesthesia. 
Then, the fiberoptic bronchoscope is passed through 
this conduit. The advantages of the technique are 
discussed. 


The greatest advantage of fiberoptic bronchoscopy | 


is the extended visibility it provides of peripheral le- 
sions in the tracheobronchial tree. In this series, 
which includes more than 700 patients with primary 
bronchogenic carcinoma, the tumor was visible in 
one-third of the patients when only the straight 
bronchoscope was used while in two-thirds it was 
visible with the flexible bronchoscope. There were 
no deaths, and complications were rare and of little 
consequence. Thoracic surgeons are urged to use this 
instrument. 


The straight, open-end, rigid bronchoscope 
was introduced by Gustav Killian [25, 51] 
eighty-five years ago. Lighting was furnished 
by way of a headlamp. In 1902, Einhorn [31] de- 
scribed an auxiliary tube in the wall of an 
esophagoscope as a light carrier. This instru- 
ment led to the development of the distally 
lighted bronchoscope. The report by Chevalier 
Jackson [22] in 1905 on the removal of foreign 
bodies firmly established the bronchoscope as 
an important therapeutic tool. In the early days, 
bronchoscopy, which was usually for foreign- 
body removal, carried a high mortality. Perfec- 
tion of the technique, the development of 
teamwork, and the elimination of general 
anesthesia practically eliminated mortality [23]. 
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In 1928 Jackson [23] stated that 98% of foreign 
bodies could be removed by bronchoscopy, 
with a mortality of slightly over 1%. 

The rapid growth of thoracic surgery after 
World War II helped. bring to the fore the diag- 
nostic value of bronchoscopy. Whereas in the 
past, bronchoscopy had been performed mainly 
by otolaryngologists, after the war, most 
thoracic surgery training programs took over 
the bronchoscope as a diagnostic tool, and for 
twenty years, chest surgeons were doing their 
own bronchoscopies as well as those for most of 
the medical profession. 

The development of the flexible fiberoptic 
bronchoscope by the Japanese in 1967 brought 
about revolutionary changes in the art. Ikeda 
(20, 21] rapidly convinced the medical profes- 
sion of the advantages of this new instrument. 
Its ease of insertion quickly attracted medical 
people concerned with diseases of the chest. At 
last they had found a tool that they could wrest 
from the hands of surgeons—and this they 
did! Short training programs and seminars 
were attended in large numbers by those en- 
gaged in pulmonary medicine. Strangely enough, 
thoracic surgeons were slow or reluctant to pick 
up this new tool. To this day, the overwhelm- 
ing majority of literature on the subject has 
been written by those involved in pulmonary 
medicine. Faber and associates [12] and Martini 
and McCormick [30] have been virtually alone 
in championing the use of the flexible bron- 
choscope by thoracic surgeons. : 

It is generally agreed that the; greatest con- 
tribution of the flexible fiberoptic broncho- 
scope has been the extension andiclarity of visi- 
bility of the tracheobronchial tree, especially in 
the upper lobes [26, 41]. Additional attributes 
of this tool include its maneuverability, patient 
comfort, detection of early lung cancer, and in- : 
creased diagnostic accuracy. Disadvantages of 
the flexible bronchoscope when used alone in- 
clude the lack of an airway [1, 2, 24, 33, 35, 36] 
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and difficulty in managing thick secretions or 
hemorrhage [41]. Sterilization is a problem, and 
the instruments are expensive. It has limited 
value in children [47] and in the removal of 
foreign bodies [50]. The use of this instrument 
alone does not train residents in the mastery of 
the rigid bronchoscope. Patients with small 
nostrils make for a difficult or impossible ex- 
amination. Indeed, forceful passage through 
tight nostrils is not only unpleasant for the pa- 
tient, but may produce breaks in the fiberglass 
threads of the instrument. Rapid withdrawal 
and reinsertion of the bronchoscope, especially 
when obtaining multiple selective specimens, 
is tedious. 


Techniques 

There is considerable variation in opinion as 
to how these bronchoscopes should be used 
and by whom. Ikeda [20, 21] recommended that 
the instrument be passed through a rigid 
tracheoscope. Other routes of passage sug- 
gested have been the transnasal approach [2, 9, 
11, 13, 24, 38, 40] or through various hollow 
conduits such as rigid bronchoscopes [43], 
nasopharyngeal tubes [39, 44, 45], nasotracheal 
tubes [50], orotracheal tubes [12, 19, 37, 48], 
and, when present, tracheostomy tubes [43]. 
Patients on ventilators can be examined safely 
19409,1529]. 

Many bronchoscopists prefer to do exam- 
inations under fluoroscopic control [7, 14-16, 
39, 48, 50], and this may produce some increase 
in diagnostic yield. The expense, the need for 
additional personnel, the exposure of staff to ir- 
radiation, and.damage to the fiberglass by pro- 
longed irradiation are disadvantages of this 
technique. Most writers prefer local anesthesia, 
although general anesthesia has been advo- 
cated when a ‘prolonged search is being made 
for an occult carcinoma [34]. The ease of passage 
and the entrance of medical personnel with no 
previous experience in this field has popu- 
larized the transnasal approach. The trans- 
nasal technique is necessary in the rare pa- 
tient with cervical spine fixation, tempo- 
romandibular arthritis, or a small mouth in 
whom rigid bronchoscopy would be impossible 
or traumatic. 

Our most frequently used technique for per- 


forming fiberoptic bronchoscopy is to pass a 
rigid bronchoscope under local anesthesia into 
the upper trachea. The flexible bronchoscope is 
passed through this conduit without fluoros- 
copy, and examination of the bronchial tree is 
carried out. Appropriate washings, brushings; 
and flexible bite biopsies are taken. When cen- 
trally located tumors are seen, the rigid bron- 
choscope is advanced to take large biopsy 
specimens. At the completion of the examina- 
tion, both bronchoscopes are removed, the pa- 
tient is asked to sit up, and a postbronchoscopy 
sputum is collected. 

This technique has several advantages: 
maintaining an airway; affording better control 
of thick secretions or hemorrhage; providing 
the capacity to obtain large biopsies of central 
lesions; removing unsuspected foreign bodies 
when present; training of residents; and, in our 
experience, giving a higher diagnostic yield of 
lung cancer than with the transnasal tech- 
nique. Fixation of peribronchial tissue by 
cancer can be appreciated only with a rigid 
bronchoscope. 


Experience 
Our experience is based on 2,930 patients who 
underwent bronchoscopic examination in three 
different hospitals between March 1, 1971, and 
July 1, 1979. Of these patients, 769 had proved 
primary lung cancer (26%). Of the 769 patients, 
24] (31.396) were shown to have lesions when 
rigid and flexible bronchoscopes were used; 254 
(33%) had lesions visible through a flexible 
bronchoscope only; and in 274 (35.6%) the le- 
sion was not visible with either method. A total 
of 64.3% of the patients had visualization of the 
primary lung cancer. When the flexible bron- 
choscope was used, the number of lung cancers 
visible was doubled compared with those 
found with the straight bronchoscope. 

The diagnostic yield in cases of primary lung 
cancer obtained at bronchoscopy in three dif- 


ferent hospitals in two different time periods is 


shown in the Table. Hospital A showed a fall in 
diagnostic yield in the second time period. This 
corresponded to the hospital's loss of an out- 
standing cytopathologist at the beginning of 
the second time period. Hospitals B and C 
showed an improvement in diagnostic yield 
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Cytological or Histological Diagnosis 
of Primary Lung Cancer 


Positive 
Positive or Suspicious 

Hospital (96) (96) 
Hospital A 

3/1/71- 6/1/77 85 93 

6/1/77—71179 64 73 
Hospital B 

3/1/771—6/1/77 65 75 

6/1/77—7/1/79 69 77 
Hospital C 

3/1/71-6/177 64 75 

6/1/77~7/1179 73 82 


during the second time period. Both of these 
hospitals added cytopathologists to their staffs 
in this period. The diagnostic yield seems to 
vary with the screening capabilities of 
cytotechnologists and the interests and abilities 
of the supervising pathologists. 

It was interesting to note in our series that 
when examinations were done by the trans- 
nasal route, there was a 15% lower diagnostic 
yield of lung cancer than when the flexible 
bronchoscope was passed through the rigid in- 
strument. The withdrawal of a brush through 
the small channel of the flexible instrument re- 
moves much mucus and many cells from the 
brush. The use of a brush and wire sheathed 
in a small plastic cylinder might obviate the 
problem. 

Six patients were seen with normal chest 
roentgenograms but with cancer cells in the spu- 
tum. Four of them had a normal bronchoscopic 
examination but by five-lobe selective brush- 
ings, the proper lobe was removed at operation 
in each patient even though the mass could not 
be felt. One patient with a lesion of the main 
bronchus seen at bronchoscopy underwent re- 
section. The sixth patient was physiologically 
inoperable. Five patients with lung cancer had 
a unilateral lesion on chest roentgenogram but 
at bronchoscopy, a second, unsuspected, con- 
tralateral cancer was revealed. 

Transbronchial lung biopsies were taken 
from 238 patients. We have been disappointed 
in this procedure as far as obtaining a specific 


diagnosis is concerned. We do not consider in- 
terstitial fibrosis, granuloma of undetermined 
etiology, acute and chronic inflammation, and 
atelectasis true diagnoses as do many writers [4, 
5, 11, 16, 18, 28, 38]. Transbronchial lung bi- 
opsy has been helpful in the diagnosis of sar- 
coidosis, metastatic cancer, and asbestosis. 
Pneumothorax occurred in 11 patients, 6 of 
whom required tube drainage for two to three 
days. Bleeding presented no major problems. 


Complications 

There have been no deaths in this series of pa- 
tients undergoing bronchoscopy. Complica- 
tions have been infrequent and minor and have 
consisted mainly of somnolence from premedi- 
cation or minor reactions to local anesthetics. 
Bleeding has not been a problem. Pneumo- 
thorax from transbronchial lung biopsies 
was just described. 

Complications of fiberoptic bronchoscopy 
described in the literature include hemorrhage 
[4, 5, 10, 15-17, 49], pneumothorax [4, 5, 10, 16, 
17], mediastinal emphysema [4, 5], airway 
obstruction [33, 35, 36], hypoxemia [1, 2], in- 
fections [8, 32, 33, 46], anesthetic reactions [9], 
and cardiorespiratory arrest [9, 33]. Deaths, 
though rare, have been reported [9, 17, 35, 42]. 


Comment 
From our experience and those of many others, 
there is no doubt that the flexible fiberoptic 
bronchoscope is an invaluable diagnostic tool. 
It has doubled the visibility of primary lung 
cancers over those seen through the rigid bron- 
choscope. It has proved extremely helpful in 
patients with lung cancer and negative chest 
roentgenograms. Localization of occult bleed- 
ing, when not excessive, is often possible with 
the flexible bronchoscope. We have found it 
unnecessary to monitor arterial blood gases 
before, during, or after bronchoscopy. Sup- 
plementary oxygen during the examination is 
rarely used and then only in patients with res- 
piratory insufficiency. Routine monitoring of 
the electrocardiogram during bronchoscopy 
seems to us an unnecessary procedure. 

We believe strongly that bronchoscopy 
should be done only in a clinical situation in 
which emergencies can be handled. It can be 
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done on outpatients, but we condemn its use 
as an office procedure. 

Thoracic surgeons use a bronchoscope more 
often as a diagnostic tool than as a therapeutic 
device. In recent years, medical staff concerned 
with pulmonary disease have used the flexible 
instrument in the care of critically ill patients 
with chronic obstructive lung disease [13, 29], 
immunosuppressive problems [10, 14, 18, 38], 
cystic fibrosis, and management and evaluation 
of patients on long-term respirator support [3, 
6]. We question the use of this expensive, deli- 
cate instrument over the use of the simple, in- 
expensive tracheal catheter for maintaining 
tracheobronchial cleanliness. Many patients in 
pulmonary intensive care units harbor bron- 
chial infections, and some cross-infections have 
been reported with the use of the flexible bron- 
choscopes [8, 32, 33, 46]. 

Finally, the question arises as to who should 
perform flexible fiberoptic bronchoscopy. 
Thoracic surgeons, by their hesitancy in ac- 
cepting fiberoptic bronchoscopy, have sat by 
while those in pulmonary medicine have blos- 
somed in this field. This trend should be 
ameliorated. Despite much literature to the 
contrary [35, 40, 50], physicians involved in fi- 
beroptic bronchoscopy should be able to use 
the rigid bronchoscope expertly, for it is only 
then that they should be considered complete 
bronchoscopists. When endobronchial hemor- 
rhage occurs, when secretions are thick, or 
when pus suddenly floods the bronchial tree 
from a cavitating lesion, the presence of a rigid 
bronchoscope may be lifesaving. The hollow 
conduit also maintains a patent airway and 
prevents the hazard of laryngospasm. Some 
writers reported a major fall in partial pressure 
of arterial oxygen during transnasal fiberoptic 
bronchoscopy [1, 2, 24]. Kwon and associates 
[27] found that blood gases were not affected 
when bronchoscopy was done with the rigid 
open-end instrument. 

The evaluation of a patient with lung cancer 
is best performed by a thoracic surgeon because 
only he understands and appreciates all the 
subtleties that enter into the decision of opera- 
bility. Localization of occult bleeding should be 
done by thoracic surgeons in case the patient 
requires resection. 


We as surgeons are hesitant to accept some- 
one else’s bronchoscopy findings on patients on 
whom we are to operate, especially if the en- 
doscopist does not understand the ramifica- 
tions of operability. Medical bronchoscopists 
are very much on the scene today. Many have 
mastered the art. Thoracic surgeons are urged 
to meet the challenge by being more adept with 
the fiberoptic bronchoscope and to produce 
better results with fewer complications than 
others. 
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Palliation for Esophageal Carcinoma 


Steve G. Hubbard, M.D., Edward P. Todd, M.D., Ph.D., 
Marcus L. Dillon, M.D., and Ward O. Griffen, M.D., Ph.D. 


ABSTRACT  Fifty-three patients with carcinoma of 
the esophagus treated since 1972 are reviewed. 
Eighteen unresectable patients with distant metas- 
tases or pulmonary insufficiency were treated with 
irradiation or with esophageal or gastrostomy tubes 
plus irradiation. There were 5 early deaths, and only 
3 patients survived more than three months. Six pa- 
tients underwent bypass. Three died in the hospital, 
and 1 lived three months. None completed a course 
of irradiation or gained weight. 

The remaining 29 patients, who did not differ 
clinically from the bypass group, underwent resec- 
tion for palliation or cure. There were 5 hospital 
deaths. Twenty patients lived more than three 
months and 7 of these more than one year. Two of 
them apparently were cured. These data indicate that 
the only effective means of increasing the duration 
of survival for esophageal carcinoma is resection 
with immediate reconstruction. 


The dismal prognosis for patients with car- 
cinoma of the esophagus with all forms of ther- 
apy including resection, radiotherapy, or com- 
bination therapy is well known [5, 9, 10, 14]. 
These results have led many investigators to 
suggest that therapy be planned to maximize 
palliation with little thought for cure [2, 5, 8]. At 
our institution, however, we have continued to 
take a more aggressive approach whenever pos- 
sible. The retrospective review reported here 
was undertaken to evaluate our clinical impres- 


sion that a single-stage resection and immedi- 


ate reconstruction produces both the best 
chance of cure and the most effective form of 
palliation. | 
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Material 

The charts of 53 patients with carcinoma of the 
esophagus treated at the University of Ken- 
tucky Medical Center between January 1, 1972, 
and June 30, 1979, were reviewed. Areas of 
study included symptoms, tumor location, 
tumor pathology, treatment, relief of symptoms, 
and survival. During the period of this study all 
patients who did not have either distant 
metastases or severe pulmonary insufficiency 
were considered resectable. The data are sum- 
marized in Table 1. 


Unresectable Patients 

Eighteen of the 53 patients were classified as 
unresectable because of distant metastases or 
pulmonary insufficiency. Twelve had squa- 
mous cell carcinoma. This involved the cervi- 
cal or upper third of the thoracic esophagus in 
4, the middle esophagus in 5, and the lower 
third of the esophagus in 3. Four patients 


.had adenocarcinoma and 2 patients, undiffer- 


entiated carcinoma involving either the lower 
third of the esophagus or the esophagogastric 
junction. 

In 5 patients, irradiation was the only therapy. 
Four of them had involvement of the upper or 
cervical esophagus, and 1, the middle esophagus. 
One patient died during the initial hospitaliza- 
tion, and all died within six months. 

Two additional patients who required 
nasogastric tubes for alimentation during radi- 
ation therapy never completed a full course of 
irradiation and died at two months and four 
months, respectively. Three patients were to- 
tally obstructed and underwent gastrostomy. 
Two died during initial hospitalization and the 
other, one month after discharge. 

Eight patients had esophageal intubations. 
Four died during initial hospitalization, and all 
were dead within two months. There were no 
recognizable differences in control of symp- 
toms or survival with any of these modes of 
palliation. 
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Table 1. Survival by Treatment Modality 


No. of 
Treatment Patients Survival? 
Irradiation, 18 2 deaths; 2 mo avg 
intubation (n = 13) 
Bypass 6 3 deaths; 2 mo avg 
(n= 3) 
Resection 29 5 deaths; 9.3 mo avg 
(n — 24) 


"The number of deaths are patients who died during initial 
hospitalization. The average survival time is calculated for 
patients who left the hospital. 


Resectable Patients: Bypass 

Six of the 53 patients underwent bypass proce- 
dures. All were considered to be candidates for 
resection, but a staged procedure was planned. 
The patients were to undergo bypass of the 
esophagus as the first stage. Then, after irradi- 
ation of the tumor and mediastinum, the 
esophagus and tumor were to be resected as the 
final stage. 

Al had squamous cell carcinoma. This in- 
volved the upper thoracic esophagus in 1, the 
middle thoracic esophagus in 4, and the lower 
thoracic esophagus in 1. Four of the 6 patients 
were bypassed with reversed gastric tubes and 
2 with esophagogastrostomies. Three patients 
died in the hospital, a mortality of 50%. One 
died of an anastomotic leak with sepsis, 1 of 
a myocardial infarction, and 1 of metastatic 
disease. 

None of the 6 patients completed the course 
of irradiation, gained weight, or even came to a 
second-stage operation. The longest survivor 
lived three months, and the mean survival for 
those who left the hospital was two months. 


Resectable Patients: Resection 
The remaining 29 patients, who did not differ 
clinically from the bypass group, underwent re- 
section. Seventeen of the resections were pal- 
liative; residual tumor was known to be present 
at the time of resection of the primary. Fourteen 
of the patients with known residual tumor had 
postoperative radiation therapy. There were 5 
hospital deaths, for a mortality of 1796. The data 
are summarized in Table 2. 

Twenty-one of the patients had squamous 


Table 2. Survival by Level of Lesion 
of Patients Undergoing Resection 


Esophageal 


Level Pathology Survival" 


No deaths; 4.3 
mo ave 
(n = 3) 

4 deaths; 8.5 
mo avg 
(n = 9) 

No deaths; 9.4 
mo avg 
(n = 5) 

1 death; 13.4 


mo avg 
(n = 7) 


Cervical and 
upper 


3 squamous cell 


Middle 13 squamous ceil 


Lower 9 squamous cell 


8 adenocarcinoma 


*The number of deaths are patients who died during initial 
hospitalization. The average survival time is calculated for 
patients who left the hospital. 


cell carcinoma, and only 8 had adenocarcinoma 
of the lower esophagus. All patients underwent 
reconstruction at the time of the initial opera- 
tion. In 27 patients, reconstruction was done 
with the mobilized stomach and esophagogas- 
trostomies; in 1, with a reversed gastric tube; 
and in 1, with the colon. i 
Twenty patients lived more than three 
months, and 7 lived more than one year. There 
were 2 who survived longer than two years and 
can be considered long-term survivors. 
Patients with tumors at all levels had good 
relief of symptoms after operation, but patients 
with lower esophageal lesions survived longer 
than those with upper or middle thoracic 
esophageal lesions, regardless of the cell type. 


Comment 
Esophageal carcinoma is an extremely morbid 
disease. In the series presented here, only 15 of 
the 53 patients were candidates for curative re- 
section at the time of evaluation, and only 2 pa- 
tients survived for two years after diagnosis. 
Numerous other investigators have noted 
similar results in their series of patients [3, 7, 9, 
10] and have called attention to the reality that 
many patients are candidates only for palliation 
[6, 12, 14, 17]. 

The aim of palliation for esophageal car- 
cinoma is to relieve obstruction to improve 
swallowing, and to prolong survival. Compari- 


P» 
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son of the results of various therapies in pa- 
tients who did not undergo resection of the 
primary tumor revealed no apparent differences 
among the groups in this study. 

The increase in hospital mortality in the 
group of patients who underwent esophageal 
intubation was most likely related to the more 
advanced disease. All were obstructed to such a 
point that they could not tolerate fluids or solids 
adequately. After intubation all were more 
comfortable, but 4 of the 8 died of advanced 
disease in the hospital. 

The group of patients who underwent bypass 
procedures did not fare much better, even 
though clinically they had less advanced dis- 
ease. Several investigators advised bypass pro- 
cedures as a first stage in treating esoph- 
ageal carcinoma [4, 11, 15, 16]. They reported 
a multistaged approach incorporating bypass, 
using the colon or esophagostomy and feeding 
gastrostomy as the first stage, irradiation as the 
second stage; and resection when cure was pos- 
sible as the third stage. Theoretically, this ap- 
proach is appealing because of the potential for 
radiation therapy to the primary tumor, im- 
proved oral alimentation, and then total resec- 
tion of the esophagus when the patient is more 
able to tolerate the procedure. In practice, this 
approach has been less acceptable than the 
theoretical considerations would suggest. Radi- 
ation therapy to the primary tumor is delayed 
by the operative preparation and postoperative 
recovery time. If any complication develops, 
further delay occurs. Another factor of im- 
portance is the generalized cachexia of these 
patients that is not relieved with bypass. No 
patient in the series reported here who did not 
undergo resection ever showed evidence of 
adequate oral alimentation. Palliation in this 
group was limited to an improved ability to 
swallow, but no actual weight gain. 

Other investigators have reported a high re- 
sectability rate after a course of radiation ther- 
apy [1, 13], but in the series reported here no 
patient came to resection. Skinner [14] also re- 
ported disappointing results from bypass fol~ 
lowed by radiotherapy and resection, and has 
abandoned that approach. 

Bypass has also been advocated as a purely 
palliative procedure as an alternative to 


esophageal intubation [2, 6, 12]. In the series of 
bypasses reported by Orringer and Sloan [12], 
the mortality was high (4096) and an additional 
3096 of patients had complications. These re- 
sults are similar to those observed in the pa- 
tients who underwent bypass in the series re- 
ported here. Indeed, when the tumor was not 
removed results were uniformly poor. 

The data indicate that the patient undergoing 
bypass gains nothing that could not be ob- 
tained by other palliative procedures that carry 
less morbidity. Thus, bypass as a routine form 
of management should be abandoned. 

After bypass as a first stage was abandoned 
early in the period of this review, resection 
with immediate reconstruction was used in 
every patient who did not have extensive local 
invasion, widespread metastases, or severe 
pulmonary insufficiency. 

This approach has decreased symptoms and 
improved survival. Surviving patients can 
swallow and frequently have a return of appe- 
tite. Length of hospitalization is reduced, and 
the potential for cure is maintained. 

Hankins [5], Wilson [17], and their colleagues 
have taken this approach with esophageal car- 
cinoma involving the middle and lower third of 
the esophagus with similar favorable results, 
and advocate it as the treatment of choice. Wil- 
son and associates [17] demonstrated that pri- 
mary resection and immediate reconstruction 
was far more effective therapy than irradiation 
in similar groups of patients. In their study, 
dysphasia was eliminated in 18 of 19 surgical 
patients but in only 4 of 20 irradiated patients; 
and the surgical patients survived an average 
of eleven months compared with only five 
months in the irradiated patients. The data 
presented in our report are similar and indi- 
cate that meaningful palliation and potential 
for cure are goals best achieved with resection 
and immediate reconstruction. 


Editor's Note 

The authors confirm again that carcinoma of the 
esophagus is a dismal disorder to treat. However, the 
poor results reported for bypass procedures may be 
the result of the small number of patients undergoing 
bypass. Other authors have achieved better pallia- 
tion with this technique. 
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CASE REPORTS 


Successful Diagnosis and —— of Fistulas 


Between the Aorta and the Tra 


eobronchial Tree 


Geoffrey M. Graeber, M.D., Maj, MC, USA, Bruce G. Farrell, M.D., 
John F. Neville, Jr., M.D., and Frederick B. Parker, Jr., M.D. 


ABSTRACT The patient presented in this report is 
unique in that he survived two aortobronchial fis- 
tulas. With such fistulas, intermittent hemoptysis is 
always present; pain is an infrequent symptom. 
Plain roentgenograms of the chest are helpful in de- 
noting the presence of an aneurysm and the affected 
portion of the tracheobronchial tree. Aortography 
rarely demonstrates the fistula. Bronchoscopy 
should be conducted only with care when the diag- 
nosis is in doubt since disaster can attend disruption 
of the clot in the fistula. Successful repair usually 
requires maintenance of distal circulation, repair of 
the aorta either by closure or by graft replacement, 
and repair of the tracheobronchial tree either by re- 
section or primary suture. Anesthesia management 
should include selective endobronchial intubation to 
control possible intraoperative hemorrhage. Interpo- 
sition of healthy living tissue to protect the suture 
lines is encouraged to prevent recurrence. 


Fistulous communications between the aorta 
and the tracheobronchial tree can be secondary 
to naturally occurring pathological processes 
but also can be secondary to complications of 
previous operation performed on the aorta. 
Often the final exsanguinating hemorrhage is 
preceded by a distinct prodromal period of in- 
termittent hemoptysis. This has allowed sur- 
geons to recognize such fistulas and perform 
emergency correction. At least 12 patients prior 
to the 1 under review have had successful repair 
[2, 4-8, 10-14]. The case documented here is 


From the Department of Surgery, Division of Thoracic Sur- 
gery, State University of New York, Upstate Medical Cen- 
ter, Syracuse, NY, and the Division of Surgery, Walter Reed 
Army Institute of Research, Walter Reed Army Medical 
Center, Washington, DC. 


We express our gratitude to Edgar A. Steck, Ph.D. for his 
aid in the translation of reference 11 from the French and to 
PFC Patrick J. Cafferty, USA, for his aid in obtaining the 
references. 


Accepted for publication Aug 28, 1979. 


Address reprint requests to Dr. Graeber, Division of Sur- 
gery, Walter Reed Army Institute of Research, Walter Reed 
Army Medical Center, Washington, DC 20012. 


——- . æ —— innin a o m AMANA 


ar 77 47mm 1 e eec aa «^ 


unique in that the patient had two different 
aortobronchial fistulas one year apart. Both 
were repaired successfully. 


Case Report 
A 61-year-old hypertensive man complaining of 
precipitous hemoptysis of one hour's duration 
was seen in the emergency room. The hemop- 
tysis subsided spontaneously shortly after his 
arrival. In the previous six weeks he had ex- 
perienced intermittent episodes of hemoptysis, 
but none had produced anything but small 
amounts of bright red blood. His private physi- 
cian had attributed these episodes to bronchitis 
due to smoking. His past history was important 
in that ten years prior to admission he had 
undergone resection of an aneurysm of the 
distal aortic arch. During that procedure, distal 
perfusion was maintained by left atrium- 
descending thoracic aorta bypass, the distal end 
of which was placed through an end-to-side 
Dacron graft. The graft was removed at the end 
of the procedure, and the aorta was repaired. 
False aneurysms developed subsequently at the 
proximal aortic graft suture line and at the site 
of distal perfusion in the descending thoracic 
aorta. A small aneurysm also developed in the 
left subclavian artery. All three had been doc- 
umented by aortography in 1976 and had been 
followed closely with serial roentgenograms 
(Fig 1). The patient's hypertension was regu- 
lated with a-methyldopa, propranolol, and 
spironolactone. He had smoked two packs of 
cigarettes a day for forty years and had ad- 
vanced chronic obstructive pulmonary disease. 
Physical exam revealed a blood pressure of 
125/80 mm Hg. The pulse was 88 beats per min- 
ute and regular. The lungs had diffuse ronchi 
bilaterally. The heart examination was normal. 
The left vocal cord was in the paramedian posi- 
tion due to paralysis from the first operative 
procedure. Otherwise, the physical examina- 
tion was within normal limits. 
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Fig 1. Selected films from a thoracic aortogram con- 
ducted with the patient in the right posterior oblique po- 
sition. (A) The proximal false aneurysm. (B) The false 
aneurysm of the perfusion site. 


Laboratory data included a hematocrit of 43% 
and a hemoglobin of 11.5 per 100 ml. The serum 
electrolyte and coagulation screen were nor- 
mal. The initial chest roentgenogram showed 
the aneurysms to be unchanged, but the mar- 
gins of the false aneurysm in the descending 
thoracic aorta were much less distinct than pre- 
viously noted (Fig 2). Bronchoscopy and aor- 
tography were considered, but the tenuous 
situation of a probable aortobronchial fistula 
militated against these methods. Operation 
was undertaken immediately. 

Some mild endobronchial hemorrhage was 
encountered early in the procedure. This was 
handled easily because a Carlens double-lumen 
endotracheal tube was used. A left thoracotomy 
was performed through the previous incision. 
Distal perfusion was maintained using a 
heparin-coated shunt from the left ventricular 
apex to the left femoral artery. The false aneu- 
rysm on the lateral wall of the descending 
thoracic aorta was dissected carefully. During 
dissection it became clear that the false aneu- 
rysm, which measured 2 X 2 cm at its base, had 





eroded into the posterior aspect of the left lower 
lobe bronchus. A false aneurysm along with the 
fistula was excised. A Teflon patch was sewn in 
place over the defect in the lateral wall of the 
aorta. A pleural flap was placed over the patch 
to isolate and protect it. The site of entrance of 
the fistula into the left lower lobe bronchus was 
closed primarily with permanent sutures. A 
pericardial patch was then sewn in place over 
this suture line. 

Postoperatively, mild atelectasis and inter- 
mittent supraventricular arrhythimas devel- 
oped, but they resolved completely with ap- 
propriate therapy. The patient was discharged 
on a regimen of antihypertensive medications 
on the twentieth postoperative day. Patho- 
logical examination of the resected specimen 
confirmed that the fistula was secondary to ero- 
sion of the bronchus by the false aneurysm. 

One year later the patient was awakened 
from sleep by massive hemoptysis. In the 
emergency room, vital signs were normal and 
the results of physical examination were un- 
changed from those at discharge except for 
markedly decreased breath sounds in the left 
upper lung field. Plain chest roentgenogram 
showed that the left upper lung field had be- 
come opacified. It was thought that perhaps 
another aortobronchial fistula had arisen, but 
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Fig 2. Plain (A) anteroposterior and (B) lateral chest 
roentgenograms made on the patient's first admission. 
Note that a new infiltrate is present adjacent to the dis- 
tal false aneurysm. 


before an aortogram could be done, hemoptysis 
returned. A Carlens tube was placed, and the 
left lung was isolated. Mechanical ventilation of 
the right lung was satisfactory to maintain the 
patient. The hemorrhage ceased. The aortogram 
failed to demonstrate the fistula. Because the 
hemorrhage had stopped and the patient had 
much blood in the tracheobronchial tree, oper- 
ation was deferred to allow improvement in 
pulmonary status. The right lung was cleaned 
of blood clots and mucus by suctioning. A 
tracheostomy was performed on the third hos- 
pital day. Because the patient represented so 
great an operative risk, the plan was to defer 
operation until the ventilatory capabilities of 
the right lung could be maximized. On the 
twenty-first hospital day, massive hemoptysis 
necessitated immediate operative intervention. 

A Carlens tube once again allowed isolation 
of the hemorrhage to the left lung and ventila- 
tion of the right lung. Many dense adhesions 
were encountered in the left chest. The entire 
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upper third of the lung had been invaded and 
destroyed by a false aneurysm originating from 
the disrupted proximal suture line of the aortic 
graft placed eleven years previously. Femoral- 
femoral bypass was instituted. The suture line 
was reconstructed with permanent sutures and 
was protected by an intercostal muscle flap. The 
destroyed portion of the lung was resected. The 
site of the previous fistula was surrounded by 
lung that showed no evidence of hemorrhage. 

The postoperative course was remarkably 
benign. Ventilatory assistance was successfully 
withdrawn by the seventh postoperative day. 
The patient continued to do well and was ready 
for discharge on the fourteenth postoperative 
day. 


Comment 

Seven of the 13 patients now reported in the lit- 
erature had fistulas caused by naturally occur- 
ring pathological processes unrelated to prior 
operation (Table 1). As would be expected, both 
syphilitic and atherosclerotic aneurysms have 
been the cause of the fistulas between the 
tracheobronchial tree and the aorta [4, 5, 8, 13]. 
In 1 patient who had an atherosclerotic aorta, 
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Table 1. Previous Surgical Procedures and Their Relationship to the Fistula 


Between the Aorta and the Tracheobronchial Tree 


———————————————————————————ÀÁÉ— € 


Patient 
Age 
(yr) 
Patient and Cause and 
No. Author, Year Sex Type of Aneurysm 


Anatomical Route 
of Fistula 


Procedure 


Time Between 
Operation 
and Fistula 


—————— MM 


1 de Prophetis et al [7], 40, F Tuberculous aortitis 
1959 saccular aneurysms 
of descending aorta 

2 Davey [6], 1962 35, M Aneurysm of rein- 
forced Ivalon graft 

3 Garrett et al [8], 1965 62, M Small aneurysm 
proximal to previ- 
ous graft 

4 Garrett et al [8], 1965 73, M Aneurysm of ascend- 
ing aorta (Kahn test 
and VDRL reactive) 

5 Sabety and Gerard 47, F Atherosclerotic, 

[13], 1966 fusiform 

6 Neville et al [12], 1966 40, M Saccular atheromatous 
aneurysm of proxi- 
mal suture line 

7 Corsio-Pascal and 50,M No aneurysm; rupture 

Cardoso [5], 1966 of atheromatous 
plaque into LLL 

8 Bryant et al [4], 1968 61, M Aneurysm of entire 
thoracic aorta; 
largest portion dis- 
tal to L subclavian 
artery (VDRL pos- 
itive) 

9 Boerema [2], 1971 21, F Saccular false aneu- 
rysm of proximal 
suture line 

10 Guinn et al [10], 1976 79, M Not stated; descend- 
ing aorta involved 
11 Logerisetal[11],1976 32,M Tuberculous penetra- 
tion of aorta 
12 Vasko et al [14], 1977 Not Mycotic aneurysm at 
stated proximal suture line 
13 Graeber et al [this re- 61, M Episode 1: saccular 


port] 


false aneurysm of 
descending thoracic 
aorta 

Episode 2: saccular 
false aneurysm of 
descending thoracic 
aorta 


From descending 
aorta to anterome- 
dial segment of LLL 


From graft just distal 
to L subclavian ar- 
tery to small bron- 
chus LUL 

Just distal to L subcla- 
vian to L lung 


Ascending aorta to 
RUL 


Descending aorta to 
LLL 


Proximal suture line 
of graft to LUL 


Descending aorta to 
LLL 


Descending aorta to 
LUL 


Descending aorta to 
LUL 


Descending aorta to 
LLL 

Descending aorta to 
LLL 

Aortic isthmus at re- 
paired traumatic 
rupture to L lung 


Descending aorta to 
bronchus LLL 


Descending aorta to 
bronchus LUL 


Partial gastrectomy 


Repair of coarctation; 
repair of graft; re- 
pair of graft 


Repair of dissecting 
aneurysm distal to L 
subclavian artery 
with Dacron graft 


None 


None 


Resection of traumatic 
aneurysm of de- 
scending aorta 
(Orlon graft) 


None 


Repair of coarctation 


Repair of coarctation 


None 
None 


Previous repair of 
traumatic transec- 
tion with Dacron 
graft 


Repair of descending 
thoracic aneurysm; 
false aneurysm of 
perfusion site 

Same procedure; false 
aneurysm proximal 
suture line just dis- 
tal to L subclavian 
artery 


Concurrent (21 d be- 
fore thoracotomy) 


6 yr (1956); 5 yr (1957); 
1 yr (1961) 


4 yr (1959) 


10 yr (1955) 


10 mo 


10 mo 


Not stated 


10 yr 


11 yr 





LLL — left lower lobe; LUL — left upper lobe; RUL — right upper lobe. 


Persistent hemorrhage after operation required 


trauma may have contributed to the formation 
of the fistula [5]. Tuberculous involvement of 
the aortic wall was the cause of two of the fis- 
tulas [7, 11]. In 1 patient with a tuberculous 
fistula, massive hemoptysis was incorrectly 
diagnosed as hematemesis [7]. The recurring 
hemorrhages in association with the finding of 
a duodenal ulcer led to a partial gastrectomy. 


further evaluation, which proved that the 
source of the hemorrhages was the left lung. 
Despite appropriate therapy, the patient died 
twenty-one days after resection of the fistula 
when a second tuberculous aneurysm ruptured 
into the left pleural space. 

In 6 patients some type of aortic repair had 
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been conducted prior to the development of the 
fistula (see Table 1): 2 had coarctation repairs [2, 
6], 2 had repairs of traumatic transections [12, 
14], and 2, including our patient, had previous 
repairs of aneurysms [8]. Fistulas developed at a 
suture line in 6 patients [6, 8, 12, 14, this re- 
port]. In the remaining patient, an Ivalon 
prosthesis degenerated [2]. All 7 had roent- 
genographic evidence suggesting some type of 
aneurysmal deformity subsequent to the initial 
operation. 

The site at which a fistula will penetrate into 
the tracheobronchial tree is determined by 
what anatomical structure is adjacent to the an- 
eurysm. In 12 patients, including the present 
one, the fistula entered the left lung because 
the abnormality was in the descending aorta 
(see Table 1) [2, 4-8, 10-14]. In 1 patient with a 
syphilitic aneurysm of the descending aorta, 
the site of entry was the right upper lobe [8]. In 
our search of the literature we found no in- 
stance of a successfully repaired aortotracheal 
fistula. An aortotracheal fistula secondary to 
broncholithiasis has been recorded, but the pa- 
tient did not live to undergo operation [3]. 

The presenting symptoms of a fistula be- 
tween the aorta and the tracheobronchial tree 
are related to the pathological process. Pain was 
noted in the prodromal period in only 4 of 13 
patients [2, 4, 7, 12]. Every patient experienced 
intermittent hemoptysis of variable duration 
(from two days to one year) before surgical re- 
pair. The pathogenesis explains the intermit- 
tent nature of the hemoptysis and the varying 
amounts of blood produced. Erosion presum- 
ably is secondary to a low-grade inflammatory 
process or pressure necrosis. When the fistula is 
first established, a small amount of blood may 
be expectorated. The hemoptysis will stop fol- 
lowing clot formation in the fistula. When the 
clot lyses or becomes dislodged, more hemop- 
tysis ensues. This process is repeated until the 
fistulous opening and the hemorrhage become 
large enough to cause exsanguination. Suc- 
cessful repair has been conducted after cardiac 
arrest due to massive hemorrhage [12]. In this 
instance, the repair was conducted two days 
after resuscitation. In another patient, it was 
demonstrated that a fistula can remain stable 
for a period of days after it is recognized [13]. 


The fistula was visualized at an exploratory left 
thoracotomy but definitive repair was post- 
poned until a second operation five days later 
because cardiopulmonary bypass was not 
available at the first procedure. 

Plain roentgenograms of the chest are the 
most helpful diagnostic study since they denote 
abnormalities in the lung adjacent to the aneu- 
rysm. However, they may be interpreted as 
“normal” despite the presence of a fistula [6]. 
Aortography is helpful in delineating an aneu- 
rysm and may, on occasion, show the fistula 
[11]. The aortogram most often does not dem- 
onstrate the fistula since it is filled with clot [2, 
4, 5, 13]. In our review we did not find an 
instance wherein aortography precipitated 
hemorrhage, but the possibility exists. Con- 
sequently, aortography should be conducted 
only if immediate access to an operating room 
with alerted staff is available. 

Bronchoscopy has some value in diagnosing 
the site of entrance of the fistula into the 
tracheobronchial tree but must be undertaken 
with extreme care. If the clot is dislodged from 
the fistula, massive hemorrhage or cardiac ar- 
rest can ensue [7, 11]. Bryant and co-workers [4] 
advised against bronchoscopy because of these 
hazards. If bronchoscopy must be done to es- 
tablish the site of bleeding, care should be 
taken not to dislodge clots adherent to a bron- 
chus and preparations for immediate definitive 
surgical intervention must be complete. 

The anesthetic management of the patient 
must be planned carefully with full attention to 
the possibility of massive hemorrhage into the 
tracheobronchial tree or chest. In our patient, 
selective endobronchial intubation was used to 
isolate the affected left lung from the remaining 
part of the tracheobronchial tree. The tube 
selected was that originally described by Car- 
lens for the management of suppurative pul- 
monary disease [1]. This approach was used 
successfully in 1 patient previously described 
[10]. 

Circulation distal to the fistula has been suc- 
cessfully maintained by various methods (Table 
2). In the first repair, we chose a heparin and 
tridodecymethylammonium  chloride-bonded 
shunt, described previously by Guinn and col- 
leagues [10]. Such shunts originally were de- 


560 The Annals of Thoracic Surgery Vol 29 No 6 June 1980 


Table 2. Operative Management 


Een 


Patient Management of Pulmonary 
No. Bypass Repair of Aorta End of Fistula 
1 [7] None; vascular clamp Excision of aneurysm, primary Resection of LLL 
closure 
2 [6] L atrium- femoral artery Resection; Teflon graft Closure 
3 [8] L subclavian artery—L femo- Dacron graft Closure with chromic catgut 
ral artery 
4 [8] Complete with coronary per- Dacron graft Closure with chromic catgut 
fusion 
5 [13] L atrium—L femoral artery Teflon graft Resection of LLL 
6 [12] L femoral artery-L femoral Repair of suture line Closure 
vein 
7 [5] None; aorta clamped 18 min. Dacron graft Resection of LLL 
8 [4] L atrium- femoral artery Dacron graft Closure of bronchus 
9 [2] None; aorta clamped Repaired proximal suture line Closure of bronchus 
10 [10] TDMAC-heparin shunt Woven Dacron graft Wedge resection of LLL 
11 [11] None; aorta clamped Closed with sutures L pneumonectomy 
12 [14] None; aorta clamped Dacron graft Not stated 
13 Episode 1: TDMAC-heparin Teflon patch Closure with permanent su- 
shunt tures 
Episode 2: femoral-femoral Closure of suture line Resection of upper third of L 


lung 


eee 


LLL = left lower lobe; TDMAC = tridodecymethylammonium chloride. 


signed by Gott [9] for repair of thoracic aneu- 
rysms. Satisfactory perfusion also has been 
achieved by the use of left atrial bypass [4, 6, 13] 
and by femoral-femoral bypass [12]. This 
method of distal perfusion was chosen in our 
second repair because of the great number of 
adhesions due to the prior procedures. Com- 
plete bypass is necessary for any fistula in- 
volving the ascending aorta [8]. Total interrup- 
tion of the circulation by proximal and distal 
clamps has been used in five successful repairs 
[2, 5, 7, 11, 14]. Transient anal sphincter incon- 
tinence and paraplegia have been reported with 
this method [5, 14]. 

The aortic end of the fistula can be managed 
by patch closure, direct suture, or prosthetic 
graft (see Table 2). The graft or suture lines 
should be protected with living tissue, such as 
the pleural flap used in our patient, or with an 
adventitial flap from the aneurysm to prevent 
further complications [8]. Resection of the 
afflicted portion of the tracheobronchial tree 
has been the most popular method of managing 
the pulmonary end of the fistula in patients 


who have enough pulmonary reserve to tolerate 
resection [5, 7, 10-12]. Resections range from a 
wedge to pneumonectomy (see Table 2). Clo- 
sure of the bronchus has been conducted suc- 
cessfully in the patient reported here and in 
others [2, 4, 6, 8, 12]. This technique may be 
particularly useful in patients with limited 
pulmonary reserve. Protection of the suture line 
with living tissue, such as a pericardial patch as 
in our patient, should be performed [4]. 

The complications that attended the proce- 
dures are those that would be expected with re- 
section of a thoracic aneurysm. We recommend 
a course of broad-spectrum antibiotics post- 
operatively to attempt to prevent infection. 
Survival has been variable, but with careful 
management, protracted survival can be ex- 
pected. 
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Simultaneous Repair of Anomalous 


Origin of the Left Coronary 


Artery from 


the Pulmonary Artery and Mitral Regurgitation 


Takashi Iwa, M.D., Yoh Watanabe, M.D., 


Takuro Misaki, M.D., and Hitoshi Yoshida, M.D. 


ABSTRACT A 20-month-old boy with anomalous 
origin of the left coronary artery from the pulmonary 
artery was successfully treated by combining aortic 
implantation of the left coronary artery and simul- 
taneous mitral valve replacement. We describe our 
operative technique and emphasize that in the 
definitive treatment of this anomaly, it is advisable 
to not only correct the malformation but also repair 
the mitral valve damage caused by secondary 
changes due to infarction. 


Anomalous origin of the left coronary artery 
from the pulmonary artery is a rare congenital 
malformation with a very high mortality. Sev- 
eral different surgical procedures have been 
used to treat this malformation. Frequently, the 
condition is accompanied by mitral insuffi- 
ciency, which is due to infarction involving the 
papillary muscle of the mitral valve. Burchell 
and Brown [2] reported the case of an 18- 
year-old man who was seen with mitral insuffi- 
ciency and underwent mitral valvuloplasty. 
Anomalous origin of the left coronary artery, 
which was not detected during the operation, 
was discovered at postmortem examination. 

We treated an infant with anomalous origin 
of the left coronary artery who was seen with 
marked symptoms of mitral regurgitation. 
Simultaneous aortic implantation of the left 
coronary artery and mitral valve replacement 
(porcine cardiac xenograft), using a pulsatile as- 
sist device and cardioplegic aid, were per- 
formed successfully. Here, we discuss the sur- 
gical treatment of this malformation. 
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A 20-month-old boy delivered by cesarean 
section after a full-term gestation was admitted 
to our hospital because of a two-month history 
of tachypnea. He was seen in congestive heart 
failure. Administration of digitalis apparently 
improved the condition. At the apical region, a 
systolic murmur (Levine’s grade III) was au- 
dible. Electrocardiogram showed the follow- 
ing: QRS axis of +50 degrees; Q wave in leads 
aVR, aVL, and V,; elevation of the S-T seg- 
ment in V,,, and reversed T wave in leads I, 
and aVR, aVL, and V, (Fig 1A). Left ventriculog- 
raphy demonstrated mitral regurgitation (Sellers' 
grade III) and marked enlargement of the left 
ventricle (Table; Fig 2). Selective coronary an- 
giography revealed a dilated right coronary ar- 
tery and late visualization of the collateral over 
the apex of the left ventricle with retrograde fill- 
ing of the left anterior descending and cir- 
cumflex coronary artery branches and pulmo- 
nary artery (Fig 3). 

On July 24, 1978, total cardiopulmonary 
bypass was performed with the aid of a pul- 
satile assist device. The pulmonary artery was 
transversely dissected about 2 cm above the 
pulmonary valve (Fig 4). The left coronary ar- 
tery orifice, about 2 mm in diameter, was lo- 
cated at the posterior wall slightly to the right, 
and bright red blood was flowing from the 
orifice. The left coronary artery was removed 
from the pulmonary artery, leaving a 3 mm cuff 
surrounding the ostium. The ascending aorta 
was clamped, and cold cardioplegic solution 
was injected into the root of the aorta to arrest 
the heart and protect the myocardium. The left 
surface of the aorta just adjacent to the right 
coronary artery was excised, and the left coro- 
nary artery with the cuff was reimplanted into 
the aorta end-to-side fashion using a 6-0 Pro- 
lene continuous suture. The pulmonary artery 
was reanastomosed using 4-0 Prolene, and a 
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Fig 1. (A) Preoperative and (B) postoperative electro- 
cardiograms. 





7 "3 T. - 


Fig 2. Left ventriculogram taken during systole. 


left 
atrium at the right side of the right atrium. The 
mitral cusps were thick and deformed, particu- 
larly the posterior cusp. The posterior papillary 


longitudinal incision was made on the 


muscle was fibrotic, probably due to infarction. 

The extent of mitral valve destruction made 
valvuloplasty impossible. Therefore, after the 
destroyed cusps and part of the papillary mus- 
cle were excised, a porcine cardiac xenograft (23 
mm Hancock) was implanted using meticulous 
3-0 Tevdek interrupted mattress sutures. Total 
bypass time was 100 minutes, and the patient 
came off the pump relatively easily. 


Left Ventricular Measurements at Angiography 





Preop  Postop 





Measurement Value Value? 
End-diastolic volume (ml) 78 35 
End-systolic volume (ml) 26 10 
Stroke volume (ml) 52 25 
Ejection fraction (9) 67 71 
Systolic pressure (mm Hg) 98 100 
End-diastolic pressure (mm Hg) 13 8 





?One month after operation. 


The postoperative course was uneventful, 
and the patient was discharged on the thirtieth 
postoperative day. He is alive and doing well 
today. Postoperative electrocardiogram, coro- 
nary angiogram, and ventricular measurements 
are shown in Figures 1B and 5 and the Table, 
respectively. The angiogram reveals excellent 
visualization of the left coronary artery, starting 
directly at the ascending aorta. 


Comment 

In about 9096 of patients with anomalous origin 
of the coronary artery from the pulmonary 
artery, the left coronary artery is involved. Usu- 
ally this anomaly is fatal in the first year of lite, 
and less than 1596 of the patients have a collat- 
eral circulation adequate for survival to adult- 
hood [13]. 

Various techniques have been tried to repair 
this malformation. Likar and co-workers [6] re- 
ported a mortality as high as 5596 following li- 
gation of the left coronary artery. The creation 
of two coronary systems may represent an ideal 


564 The Annals of Thoracic Surgery Vol 29 No 6 June 1980 





pulmonary artery 


circumflex 
Rt. coronary artery of 
artery Lt.coronary 
artery 
anterior " 
escending artery 
of Lt.coronary gas 


artery 





Fig 3. Selective angiogram of the right coronary artery. 
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Fig 4. The reimplantation procedure. 


Fig 5. Postoperative aortogram of the ascending coro- 
nary artery. 
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method for treating this anomaly. Several tech- 
niques involving systemic-coronary bypass 
with ligation of the anomalous coronary artery 
at its origin have been reported, e.g., anas- 
tomosis to the left common carotid artery [7] or 
the subclavian artery [9], or saphenous vein 
bypass [4]. Cooley and associates [3, 4] re- 
viewed teh cases and found a graft patency of 
70% in a follow-up ranging from one to eight 
years. A few reports on the results of saphenous 
vein homograft in infants have appeared [12]. 
However, this procedure has several draw- 
backs. First, there is the difficulty of performing 
anastomosis to the coronary artery. Second, the 
caliber of the graft vein does not increase as the 
child grows. Moreover, graft obstruction by 
fibrous intimal hyperplasia may lead to late 
death [1]. 

Reimplantation of the anomalous right coro- 
nary artery in the aortic wall was described by 
Tingelstad and co-workers [11] in 1972. Sub- 
sequently, Neches [8], Grace [5], and their as- 
sociates used this method in treating children 
with anomalous origin of the left coronary ar- 
tery. Reimplantation of the anomalous coronary 
artery appears to circumvent the difficulties en- 
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countered in the bypass method since a suffi- 
cient anastomosis size can be obtained even in 
children with a small coronary caliber. Results 
to date suggest that this method may be optimal 
in the surgical therapy of both infants and 
adults with anomalous origin of a coronary ar- 
tery. 

In some patients, anomalous origin of the left 
coronary artery is accompanied by mitral re- 
gurgitation. It may be due partly to mitral insuf- 
ficiency occurring as a result of left ventricular 
dilatation, but mainly to infarction involving 
the papillary muscle. Some may disagree with 
our replacing the valve in the patient discussed 
here. However, this patient was seen with a 
high grade of mitral regurgitation that we 
thought was the main cause of heart failure. 
During operation, we discovered extensive fi- 
brosis of the posterior papillary muscle and 
deformed mitral cusps. These findings elimi- 
nated the possibility of performing valvulo- 
plasty. 

A porcine cardiac xenograft valve, which has 
been shown to undergo no deterioration during 
more than ten years, was used because it re- 
quires no anticoagulant therapy. This is a vital 
advantage in valve replacement in small chil- 
dren. The left ventricle was large enough to 
permit placement of the relatively large 23 mm 
valve, and reimplantation should not become 
necessary for the next ten or more years. 

Follow-up studies have shown that mitral 
regurgitation persists even after systemic- 
coronary anastomosis [10]. This suggests that 
surgical repair of anomalous origin of the left 
coronary artery should not be confined to re- 
pairing the anomalous coronary artery, but that 
aggressive intervention for treating the com- 
bined mitral valve disease should also be con- 
sidered. 


Editor's Note 

This report demonstrates superb handling of the 
anomalous coronary artery. The secondary severe 
problem, mitral insufficiency, was judged to require 
valve replacement. The authors considered a val- 
vuloplasty, but decided it was likely to be ineffective. 
Recognizing the many potential problems following 
valve replacement in young children, problems to 
which the porcine valve is certainly not immune, 


many of us would have persisted with a reparative 
procedure. 
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Entrapment of Leaflet of 


St. Jude Medical Cardiac Valve Prosthesis 
by Miniscule Thrombus: Report of Two Cases 


Luis Nunez, M.D., Alfonso Iglesias, M.D., and José Sotillo, M.D. 


ABSTRACT Two patients with dysfunction of the 
St. Jude Medical cardiac valve prosthesis, one in the 
aortic and one in the mitral position, are presented. 
In both, one of the valve leaflets was jammed by a 
very small thrombus that fixed the leaflet in a 
semiclosed position. Neither patient received anti- 
coagulation postoperatively. Because of the patho- 
logical findings in these 2 patients, anticoagulation 
for patients with a St. Jude Medical valve prosthesis 
is recommended for life. 


The St. Jude Medical cardiac valve prosthesis is 
a bi-leaflet, center-opening device fabricated 
from pyrolytic carbon. This valve has passed 
the animal experimental period and is being in- 
serted in large numbers of patients around the 
world. Due to its large effective orifice, low 
pressure gradients, and laminar flow, it is a 
very attractive valve prosthesis, and it is rec- 
ommended that it be used with only temporary 
or no anticoagulation. This communication pre- 
sents the cases of 2 patients with fixation of 
one leaflet of the St. Jude Medical prosthesis by 
a miniscule thrombus. 


Patient 1 

In October, 1978, a 57-year-old woman with se- 
vere rheumatic aortic and mitral stenosis 
underwent aortic valve replacement and mitral 
valvotomy at another institution. A 23 mm St. 
Jude Medical prosthesis was inserted in the 
aortic annulus. After the operation, the patient 
was in New York Heart Association Functional 
Class II. She was treated with digoxin and 
furosemide but received no anticoagulants. On 
August 22, 1979, the patient was admitted to 
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our hospital with retrosternal pain, severe 
shortness of breath, and peripheral edema of 
five days’ duration. 

She was diaphoretic and pale. Blood pressure 
was 170/80 mm Hg; pulse rate was 88 and ir- 
regular. Bilateral rales were heard at both pul- 
monary bases. Ejection and diastolic murmurs 
were heard in the left sternal area. A pansystolic 
murmur and a gallop were detected in the apex. 
Electrocardiogram revealed left ventricular 
hypertrophy, atrial fibrillation, and T wave in- 
version in the precordial leads. Chest roent- 
genogram demonstrated cardiomegaly, alveolar 
edema, and a small pleural effusion on the 
right. The patient was treated with massive 
doses of diuretics and improved for 24 hours. 
The next day, after cardiac catheterization, the 
diagnosis of ruptured mitral valve and possible 
perivalvular aortic leak was made. Right atrial 
pressure was 10 mm Hg; right ventricular pres- 
sure, 54/6 mm Hg; pulmonary trunk pressure, 
54/30 mm Hg; capillary wedge pressure, 45/16 
mm Hg; left ventricular pressure, 235/16 mm 
Hg; and aortic pressure, 168/70 mm Hg. Injec- 
tion of dye in the aortic root revealed severe 
aortic regurgitation with immediate filling of 
the left ventricle and the left atrium. Peak sys- 
tolic pressure gradient across the St. Jude Medi- 
cal prosthesis was 67 mm Hg. 

The diagnosis was malfunctioning aortic 
prosthesis, severe stenosis and regurgitation, 
and severe mitral insufficiency, and the patient 
was operated on on August 24, 1979. Through a 
median sternotomy and with total hemodilu- 
tion, hypothermia, aortic root cardioplegia, and 
pericardial irrigation with 4°C saline solution, 
the aortic prosthesis and the mitral valve were 
removed. A 29 mm Carpentier-Edwards mitral 
valve and a 23 mm Carpentier-Edwards aortic 
valve were inserted. The patient had an un- 
eventful postoperative period and was dis- 
charged nine days later. 
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Aortic St. Jude Medical prosthesis removed from Patient 
I (see text). Note the small size of the thrombus fixing 
the leaflet against the internal orifice of the valve. The 
other leaflet shows a normal opening. 


Pathological Findings 

The St. Jude Medical prosthesis was placed in 
the aortic annulus. There were no paravalvular 
leaks. One of the pyrolytic carbon leaflets was 
fixed in a semiclosed position by a very small 
thrombus. The thrombus was located between 
the inner surface of the valve orifice and the 
outer limit of one of the leaflets. The thrombus 
measured 4 mm long by 1 mm wide and fixed 
the leaflet very firmly. No other thrombi were 
present either in the ring or in the valve itself. 
The second leaflet moved freely (Figure). The 
mitral valve allowed regurgitation because 
there were dilatation of the ring and retraction 
of the chordae tendineae. 


Patient 2 

In February, 1979, a 32-year-old woman with 
rheumatic mitral stenosis and regurgitation was 
operated on at another institution. A 29 mm St. 
Jude Medical prosthesis was inserted in the 
mitral annulus. She was not administered anti- 
coagulants. The patient was asymptomatic until 
August 22, when sudden dyspnea developed. 
During the next eight days, dyspnea became 
more severe, and she had hemoptysis and or- 
thopnea. She was admitted to our hospital on 
August 30. 


On admission, she was dyspneic and in 
moderate distress. Blood pressure was 110/80 
mm Hg, and pulse rate was 135 beats per min- 
ute and irregular. Bilateral rales were heard. 
Pansystolic and diastolic murmurs were pres- 
ent in the mitral area. Chest roentgenogram 
showed bilateral perihilar edema and moderate 
cardiomegaly. Cardiac catheterization showed 
a right atrial pressure of 15 mm Hg, right ven- 
tricular pressure of 87/15 mm Hg, pulmonary 
artery pressure of 87/40 mm Hg, pulmonary 
capillary wedge pressure of 35 mm Hg (mean), 
left ventricular pressure of 110/16 mm Hg, and 
aortic pressure of 110/80 mm Hg. Left ventricu- 
lar angiogram revealed moderate mitral regur- 
gitation. The diagnosis was a malfunctioning 
5t. Jude Medical prosthesis, and the patient 
underwent operation on the day of admis- 
sion. Through a median sternotomy, total 
hemodilution, moderate hypothermia, and 
aortic root cardioplegia, the left atrium was 
opened, the St. Jude Medical prosthesis was 
removed, and a Carpentier-Edwards mitral 
bioprosthesis was inserted. The postoperative 
period was uneventful, and the patient was dis- 
charged twelve days later. 


Pathological Findings 

The left atrium had a thrombus 4 cm in dia- 
meter arising from the Dacron ring. Another 
thrombus, 3 by 1 mm in length, had fixed one of 
the prosthesis leaflets in a semiclosed position. 
The thrombus was located between the leaflet 
and the ring and had no continuity with the 
larger thrombus arising from the Dacron ring. 
The rest of the Dacron ring and the other leaflet 
had a normal surface. This second leaflet moved 
freely. The larger thrombus had a very fresh 
appearance and was possibly secondary to 
stasis in the left atrium due to stenosis of the 
prosthetic valve. 


Comment 

Mechanical valve prostheses have been subject 
to mechanical dysfunction and thrombus for- 
mation [2]. Because of their configuration, some 
mechanical valves are prone to catastrophic 
dysfunction if a small thrombus forms in a criti- 
cal area of the prosthesis. This has been re- 
ported with the Bjórk-Shiley prosthesis [3, 5, 7]. 
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We believe the St. Jude Medical prosthesis has 
this potential, as was shown in our 2 patients 
in whom a tiny thrombus jammed one leaflet of 
the valve. Although Gott [6] demonstrated that 
pyrolytic carbon has very little thrombogenicity, 
there is not yet a mechanical valve free from this 
complication. Emery and co-workers [4] found 
no thrombus formation in 16 St. Jude Medical 
cardiac prostheses inserted in calves without 
anticoagulation and followed up to eighteen 
weeks. 

We concur with Bonchek [1] that patients 
who cannot or will not adhere reliably to a re- 
gimen of Coumadin should not receive a me- 
chanical prosthesis. Although the St. Jude 
Medical prosthesis is possibly one of the best 
mechanical devices from a hemodynamic point 
of view, it can thrombose. Because of its con- 
figuration, a tiny thrombus in the pivot area or 
between the valve orifice wall and the leaflets 
(as in our patients) can fix one of the leaflets 
partly open and produce malfunctioning of the 
prosthesis. Because of the bi-leaflet structure 
of the St. Jude Medical prosthesis, the hemo- 
dynamic consequences of mechanical dysfunc- 
tion may not be as severe as in disc valves 
because one of the leaflets can still open and 
close normally; in disc valves the whole 
valve is jammed by a thrombus, with cata- 
strophic results [7]. Our first patient had a peak 
systolic transprosthetic gradient of 67 mm Hg 
and severe aortic regurgitation, but she toler- 
ated the hemodynamic consequences fairly well 
for seven days and the operation could be 
scheduled in a semielective way. 


In the second patient, progressive dyspnea 
and pulmonary edema developed during a pe- 
riod of eight days. Again, the operation was 
performed on a semiemergency schedule. 

We do not have experience with the St. Jude 
Medical prosthesis valve (we use only a bio- 
prosthesis) and cannot give statistical data on the 
incidence of thromboembolism with this pros- 
thesis. However, in view of the pathological 
findings in the 2 patients presented here, we 
advise the use of anticoagulants for life for 
every patient with a St. Jude Medical cardiac 
valve prosthesis. 
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HOW TO DO IT 


Construction of Interposition 


Polytetrafluoroethylene Ascending 
Aorta-Pulmonary Artery Shunt 


James M. Ciaravella, Jr., M.D., and Frank M. Midgley, M.D. 


ABSTRACT The technique for constructing an as- 
cending aorta-right pulmonary artery interposition 
shunt using a short segment of polytetrafluoro- 
ethylene is described. This technique has been 
used in 8 neonates ranging from 1 day to 11 months 
old. There has been 1 shunt-related death. There have 
been no clotted grafts or graft kinking noted. A con- 
tinuous running suture placed before the graft is low- 
ered into position facilitates exposure and suture 
placement. A median sternotomy or sternal transec- 
tion has not been necessary. 


Systemic- pulmonary artery shunts in critically 
ill neonates and infants continue to pose prob- 
lems in terms of construction, long-term pa- 
tency, and preservation of normal pulmonary 
artery architecture. The Waterston shunt is ef- 
fective in improving arterial oxygen saturation; 
however, many difficulties have been recog- 
nized with its use [1, 4, 7-9]. The higher inci- 
dence of unequal blood flow with the 
Waterston shunt compared with other shunts 
performed for cyanotic heart disease and the 
regulation of the exact size of the anastomotic 
stoma have led to heart failure and a size- 
able mortality among neonates. Distortion and 
kinking of the right pulmonary artery both at 
the time of initial construction secondary to 
poor shunt placement and late because of dis- 
proportionate growth between the two vessels 
has become a well-known problem. The prob- 
lems of late growth often can lead to complete 
failure or perfusion of the contralateral lung and 
necessitate plastic reconstruction of the ipsilat- 
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eral pulmonary artery at the time of definitive 
repair. 

The Blalock-Taussig shunt, on the other 
hand, has been the cause of fewer late technical 
problems involving pulmonary artery anatomy 
and has had good late patency in the older 
child. Disparity in the size of the subclavian 
artery in the neonate has led to early shunt fail- 
ure [3, 9, 10]. Anomalies of the aortic arch and 
unfavorable anatomy also have precluded use 
of the Blalock-Taussig shunt. Because of the 
problems with these shunts, synthetic grafts 
of polytetrafluoroethylene (PTFE) are being 
used more frequently in the construction of 
systemic- pulmonary artery shunts [2, 5, 6]. 


Methods 
A simplified, easily reproducible technique has 
been developed that allows placement of a PTFE 
interposition graft in small neonates irrespec- 
tive of great vessel relationships. After induc- 
tion of general endotracheal anesthesia and in- 
sertion of a left radial artery monitoring line, 
the patient is turned with the right side ele- 
vated to a 45-degree angle. A right anterolateral 
thoracotomy is carried down to the chest wall. 
The bed of the nonresected fourth rib is en- 
tered. The thymus gland is mobilized anteriorly 
and superiorly, and the pericardium is opened 
longitudinally anterior to the phrenic nerve. 
Following insertion of pericardial traction 
sutures, heavy silk sutures that later are to be 
put through rubber tourniquets are passed 
around the right pulmonary artery both at the 
takeoff from the main pulmonary artery to the 
left of the aorta and around the right pulmonary 
artery lateral to the superior vena cava. Care is 
taken to avoid compression of or traction on the 
phrenic nerve. Following test occlusion, the 
right pulmonary artery is opened longitudi- 
nally, and stay sutures of 6-0 Prolene are placed 
in the vessel edges. A 1 to 2 cm segment of PTFE 
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(A) Polytetrafluoroethylene (PTFE) graft in position out 
of the operative field. Sutures are placed in running 
fashion before the graft is lowered to the pulmonary 
artery. (B) Distal anastomosis is completed and a partial 
occluding clamp is placed on the ascending aorta. (C) 
Completed interposition PTFE shunt. 


is fastened to the drapes at the medial corner of 
the incision. With the aid of optical magnifica- 
tion (X3.5), a running suture of 7-0 Prolene is 
started at the corner of the arteriotomy and 
continued through the graft (Figure, A). Ap- 
proximately three-fourths of the anastomosis is 
completed on each side. At this time, the first 
assistant exerts upward traction on the graft, 
alternating with traction placed by the surgeon 
on each of the sutures, and the graft is lowered 
into place. The anastomosis is then completed 
and secured. The flow through the right lung is 
restored, and a soft rubber occluding clamp is 
placed at the base of the graft just above the 
anastomosis. 

A small partial occluding vascular clamp is 
placed on the lateral to posterior aspect of the 





ascending aorta (Figure, B). With a 3 or 4 mm 
circular aortic punch (depending on the size of 
the graft material being used), a hole is placed 
in the wall of the aorta, and the upper end of the 
graft is sutured with a continuous running su- 
ture of 6-0 Prolene (Figure, C). The graft is 
flushed with heparinized saline solution be- 
fore the suture is secured, and the clamps are 
released. The pericardium is loosely approxi- 
mated. 


Comment 

As can be seen from the Table, although the pe- 
riod of long-term follow-up extends only to 
eight months, the shunts appear to be func- 
tioning well as judged by audible murmurs, ab- 
sence of cyanosis, or absence of hypoxic spells. 
The single shunt-related death occurred in a 1.9 
kg infant with tetralogy of Fallot in whom a 4 
mm diameter piece of PTFE was utilized. Se- 
vere progressive left ventricular failure ensued 
postoperatively, and the patient died. Post- 
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Results in Patients with Polytetrafluoroethylene Shunts 


No 6 June 1980 


Patient Weight 

No. Diagnosis (kg) Age 

1 Pulmonary atresia; intact Jee ld 
ventricular septum 

2 T of F 3.6 3 mo 

3 Tof P 3.5 3d 

4 T of F 1:9 3 mo 

S T of F 10.5 8 mo 

6 T of F 8.2 11 mo 

7 TofF 2.9 23 d 

8 DORV with pulmonary 4.0 2 mo 
atresia 


Arterial 
Saturation 
(%) 

Preop Postop Outcome 

30 81 Died 2 weeks postop after 
pulmonary valvotomy; 
shunt open postmortem 

40 77 Shunt open at 8 mo postop 

53 74 Shunt open at 7 mo postop 

80 85 Died one day postop of left 
ventricular failure 

70 85 Shunt open at 8 mo postop 

85 85 Shunt open at 8 mo postop 

63 80 Shunt open at 6 mo postop 

15 65 Shunt open; cardiac 


catheterization at 1 mo 


T of F = tetralogy of Fallot; DORV = double-outlet right ventricle. 


mortem examination revealed an open shunt 
and a hypoplastic left ventricle. Patients who 
underwent a shunt procedure because of 
hypoxic spells (Patients 4, 5, 6) have maintained 
their preoperative arterial saturation levels. 

Several technical points should be em- 
phasized. Near completion of the anastomosis 
with a running suture of Prolene before the 
graft is lowered to the arteriotomy allows better 
visualization of the lumen of the artery in a very 
confined area and assures that full thickness of 
the vessel edge is included in the suture. The 
aortic punch provides a cleaner, more precise 
aortotomy. Optical magnification is routine as 
is the use of Castroviejo needle holders. The 
graft material assures that a fixed diameter is 
present and prevents inadvertent enlargement 
of the anastomosis and should avoid late pul- 
monary artery kinking. A short segment of graft 
material is preferred to a long tortuous piece to 
avoid graft kinking and subsequent clotting. In 
addition, shunt obliteration at the time of de- 
finitive repair is facilitated by the intraperi- 
cardial placement of the graft, and plastic re- 
constructive procedures on the pulmonary 
artery should not be necessary. Last, subclavian 
artery flow is not interrupted. 
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the extra margin of versatility 
to handle unexpected developments 


Bi Adjust easily to changing needs during a procedure 

with independent control of gas exchange made possible by adjusting the 
blood path thickness in the TMO, thus altering oxygen transfer; 
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dioxide removal. 


Bi When the procedure takes longer than anticipated 
the TMO's more gentle treatment of the blood results in reduced damage 
to the formed elements of the blood during extended bypass. 


the extra margin of flexibility — 
to meet the needs of many patients 


E TMO Adult Oxygenator provides 2.25 m? of membrane and is indicatec 
for total bypass on patients at flow rates up to 6 liters per minute. 
Clinically the TMO Adult Oxygenator has been used with patients 
weighing from 25 Kg to over 100 Kg. 


E TMO Pediatric/Infant Membrane Oxygenator provides 1.12 m* of surfac 
area with a priming volume of the entire system as low as 860 ml. 

The TMO Pediatric/Infant Membrane Oxygenator has been used for 
patients weighing as little as 3 Kg. 


Travenol's TMO membrane oxygenator 
has provided the "extra margin’ 
in over 125,000 procedures 


E Independent published evaluations support the clinical 
superiority of TMO. 

Reports by Berry' and DeBakey’ indicated that the TMO produced less 
trauma to the blood than bubble oxygenators. Solis* credited the TMO wit 
better maintenance of platelet function. Heimbecker's team‘ found that th 
TMO contributed to lower levels of plasma hemoglobin, higher platelet 
survival rates and reduced postoperative bleeding. These findings were 
supported by Liddicoat et aF who verified the performance superiority of 
the TMO over bubble oxygenators. 
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Jnmatched versatility... well-documented performance 
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Simplified Technique for Intraaortic Balloon Insertion 


Fatih Zada, M.D., John C. McCabe, M.D., and Valavanur A. Subramanian, M.D. 


ABSTRACT A simple technique for insertion and 
removal of an intraaortic balloon catheter is de- 
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(A) Small, transverse femoral arteriotomy. (B) Insertion 
of the intraaortic balloon. (C) Closure of the arteriotomy 
around the balloon with a pledgeted suture. (D) Re- 
moval of the balloon. (E) Simple closure of the ar- 
teriotomy. 
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scribed. We have used it in 20 patients in the past six 
months, and the incidence of thrombi around the 
junction of the Dacron patch and the artery has been 
lessened. The presence of a foreign body can be 
avoided also. We have not encountered any inci- 
dence of regional vascular compromise. 


Implantation of a pulsatile balloon in the aorta 
has proved to be an effective way to augment 
cardiac output, reduce left atrial pressure, di- 
minish a left-to-right shunt, and decrease the 
volume of mitral regurgitation. It has become 
increasingly popular as a temporary means of 
cardiac assistance. Intraaortic balloon insertion 
is not without complications, however. The in- 
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cidence of major and minor complications is 
about 20% [1]. 

The technique to be described has been in- 
troduced to simplify the procedure of insertion 
and minimize the complications of an ar- 
teriotomy, namely, thrombi formation around 
the junction of the Dacron patch and the artery. 
Further, the technique obviates the need to 
leave in place any foreign body (for example, a 
Dacron patch) with its increased susceptibility 
to infection and the inherent risks of a second- 
ary venous patch because of aneurysm forma- 
tion, bleeding, or even graft infection. 


Method 

The femoral pulse is palpated, and a vertical 
skin incision of 10 to 12 cm is made over the 
course of the vessel. The common femoral ar- 
tery is explored, and tapes are placed around it. 
Heparin, a dose of approximately 5,000 U for a 


patient weighing 70 kg, is given intravenously 
at this time. Then the clamps are applied. A 
transverse arteriotomy of approximately 0.5 cm 
is made (Figure). Two simple holding sutures of 
4-0 Prolene are placed at each end of the ar- 
teriotomy. After the proximal umbilical tape is 
released, the balloon catheter is introduced into 
the femoral artery. A horizontal mattress type 
suture with Teflon pledgets at each side is 
placed at the middle of the arteriotomy around 
the catheter. Removal simply requires cutting 
the pledgeted sutures, withdrawing the balloon 
catheter, and applying one horizontal mattress 
suture. A Fogerty balloon catheter is used 
routinely in both directions. 
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Transjugular Forceps Retrieval of Catheter Embolus 


Ronald L. Meng, M.D., Giacomo A. DeLaria, M.D., and Marshall D. Goldin, M.D. 


ABSTRACT Intracardiac migration of an intrave- 
nous catheter was treated transvenously in 5 patients 
successfully. Using local anesthesia and fluoroscopic 
guidance, a bronchoscopy forceps was passed 
through the right jugular vein to the right atrium and 
afforded efficient and safe retrieval of the embolus. 
The direct route to the right atrium provided by the 
right internal jugular vein and the precise control of- 
ferred by the rigid forceps make this the preferred 
method of retrieval of a transvenous catheter em- 
bolus. 


With increasing utilization of central venous 
catheters for pressure monitoring and hy- 
peralimentation, the incidence of catheter em- 
bolism has risen. The serious and often lethal 
consequences of leaving these fragments in 
the heart are well documented [3]. However, 
transthoracic removal carries major risk. Several 
methods of transvenous retrieval using local 
anesthesia and fluoroscopy have been reported 
[1, 2, 4, 5]. We have utilized bronchoscopy for- 
ceps introduced through the right internal 
jugular vein on five occasions and find it the 
preferable method. 


Case Reports 
PATIENT 1. A 45-year-old woman who was 
injured in an automobile accident sustained 
catheter embolism when the catheter, which 
was in the subclavian vein, was sheared by 
withdrawal against the needle. The catheter 
lodged in the right atrium. Seven days later, 
following satisfactory recovery, transvenous 
catheter retrieval was performed. The patient 
was discharged the next day. 

PATIENT 2. A 32-year-old woman sustained 
catheter embolism to the right atrium during 
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right internal jugular vein catheterization for 
hyperalimentation. Twelve hours later, the em- 
bolus was removed easily transvenously. The 
remainder of the hospital course was without 
complication. 

PATIENT 3. A 56-year-old man receiving 
intravenous hyperalimentation through a cath- 
eter in the right subclavian vein sustained 
catheter embolism to the right atrium sub- 
sequent to fracture of the catheter at skin level. 
Because of the precarious condition of the pa- 
tient, the fragment was not removed. A second 
catheter was introduced through the left sub- 
clavian vein for continuation of hyperalimenta- 
tion. Septicemia prompted removal of the second 
catheter, but the sepsis did not resolve. Infec- 
tion secondary to the foreign body in the right 
atrium was suspected, and the patient was 
transferred to our institution for removal of the 
embolus. The catheter was retrieved transve- 
nously, the sepsis resolved, and the patient 
had a stable hospital course. Culture of the 
fragment revealed Escherichia coli. 

PATIENT 4. A 52-year-old man with unre- 
mitting angina, congestive heart failure, and 
recurrent ventricular tachycardia underwent 
double coronary revascularization and left 
ventricular aneurysm resection. Intraaortic 
balloon counterpulsation was required for suc- 
cessful weaning from cardiopulmonary bypass. 
Postoperatively, cardiac output slowly im- 
proved but recurrent ventricular tachycardia 
and prolonged ventilatory insufficiency neces- 
sitating tracheostomy complicated the recovery. 
Two weeks after operation, the intraaortic bal- 
loon was removed. At this time, right subcla- 
vian vein catheterization was attempted, but 
the catheter was sheared against the needle and 
lost intravenously. A catheter was successfully 
placed in the left subclavian vein, and the frag- 
ment was removed at fluoroscopy (Figure). The 
patient tolerated the procedure well and pro- 
gressively improved. He was discharged four 
weeks later. 


PATIENT 5. A 38-year-old woman with small 
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Chest roenteenogram of Patient 4 made during fluoros- 
copy shows the Jackson alligator grasping bronchoscopy 


forceps in position to grab and remove the catheter em- 
bolus from the superior vena cava. 


obstruction due to recurrent retro- 
peritoneal sarcoma underwent right internal 
jugular catheterization for hyperalimentation. 
The catheter was sheared against the needle 
and lost intravenously. A chest roentgenogram 
showed the catheter straddling the origin of the 
right innominate vein. Successful left internal 
jugular catheterization was done the next day, 
and afterwards the chest roentgenogram re- 
vealed migration of the catheter fragment to the 
rght atrium. Using local anesthesia and 
fluoroscopic guidance, a bronchoscopy forceps 
was passed from the right internal jugular vein 
to the right atrium and the catheter was re- 
trieved. The patient tolerated the procedure 
without difficulty and resumed hyperalimenta- 


tion in preparation for operation. 


bowel 


Technique 

With the patient's head turned to the left and 
with the shoulders on a pad to provide mod- 
erate neck hyperextension, the right internal 
jugular vein is exposed under local anesthesia 
by dissection along the anterior border of the 
sternocleidomastoid muscle. Tourniquets are po- 
sitioned to provide hemostasis during intravas- 


cular manipulation. A 25 cm Jackson alligator 
grasping bronchoscopy forceps is introduced 
by transverse venotomy or division of a distally 
ligated vein branch. Returning the head to 
midline and directing the forceps posteriorly at 
both the sternoclavicular and caval-atrial junc- 
tions facilitate passage to the atrium. With the 
forceps oriented to allow visualization of the 
opening of the jaws, the catheter fragment is 
approached. Successful grasping of the catheter 
is verified by the inability to completely close 
the forceps, and the catheter is removed. The 
vein is repaired or ligated, and the wound is 
closed. 

Although fragment retrieval has been suc- 
cessful even in the presence of a functioning 
central venous catheter, it is clear that the sec- 
ond catheter could complicate the procedure. 
Therefore, central venous catheterization after 
catheter embolus should be delayed until re- 
moval of the fragment. Then a catheter can be 
placed through the right internal jugular vein 
under direct vision. Intravascular manipulation 
was completed within three minutes in each 
patient, and there have been no complications. 


Comment 

The reported 200 patients with latrogenic 
catheter embolus reviewed in 1974 most likely 
represent a much larger actual population [3]. 
The seriousness of this complication is re- 
vealed by the fact that half of the patients who 
did not undergo removal of the fragment had 
additional directly related complications, in- 
cluding cardiac perforation, arrhythmia, en- 
docarditis or sepsis, pulmonary embolism, 
pulmonary thrombosis, and superior vena cava 
syndrome. Furthermore, half of these compli- 
cations were the cause of death. 

The risk of complication depends on the lo- 
cation of the fragment. Because of possible 
perforation or arrhythmia, the right ventricle 
is a potentially more dangerous position than 
are the pulmonary artery, right atrium, and 
peripheral lung [3]. Whereas detached long 
catheters usually remain in the right atrium, 
embolized short catheters can readily advance 
from the right atrium to the right ventricle. De- 
tached long catheters may be retrievable by ve- 
nous cutdown in the arm, but removal of em- 
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bolized short catheters requires intrathoracic 
manipulation. 

Transthoracic retrieval, though used suc- 
cessfully and safely in 70 patients reviewed in 
1974 [3], is a major undertaking that is best 
avoided in favor of a simpler, safer approach. 
The transvenous approach offers definite ad- 
vantages, including minimal trauma, local 
anesthesia, and brief duration of manipulation. 
The initial transvenous technique utilized a 
snare catheter, but this method provides little 
control due to insecure gripping and catheter 
flexibility [2]. The Schultze endomyocardial 
bioptome provides sensitive control of the 
jaws, but the sharp jaws could injure the 
myocardium or divide the catheter [1]. Fur- 
thermore, the flexible shaft hampers precise po- 
sitioning of the jaws. The Jackson alligator 
grasping bronchoscopy forceps, used for this 
purpose by Smyth and co-workers [5] in 1968, is 
an ideal tool since the shaft is rigid, the jaws are 
blunt and positively, sensitively controllable, 
and gripping is readily verifiable. The su- 
periority of this method is confirmed by the 
rapidity of grasping reported by Smyth.and as- 
sociates [5] and our experience. 

Although Smyth and colleagues [5] used the 
right external jugular vein, they suggested im- 
proved access to the right atrium through the 
right internal jugular vein. The required dis- 
section is straightforward, safe, and readily 
performed under local anesthesia. The resulting 
straight course to the right atrium eliminates 
guidewires and patient manipulation and al- 
lows use of the more controllable rigid forceps. 
Although unnecessary, repair of the venotomy 
is readily accomplished and is preferable to 
ligation. 

Clearly the best approach to this iatrogenic 


complication is prevention. Most catheter em- 
boli result during subclavian or internal jugu- 
lar vein catheterization. Catheter withdrawal 
against a stationary needle, catheterization of 
an uncooperative patient, and improper fixa- 
tion of the catheter to the skin can all result in 
catheter embolism. Antecubital central venous 
lines embolize less frequently and usually long 
after insertion, when repeated movement 
causes catheter fracture at skin level. 

Despite all possible precautions, catheter 


embolism can occur. Even though initially the 


position of the embolus may appear stable and 
unthreatening, the high incidence and severity 
of the possible complications favor elective re- 
trieval as soon as possible after discovery. We 
believe that the simplicity, safety, and success 
of transvenous manipulation with grasping 
bronchoscopy forceps make it the technique of 
choice for prompt retrieval of embolized cathe- 
ter fragments. 
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COLLECTIVE REVIEW 


Selective Retrograde Coronary Venous Perfusion 
Mark 5. Hochberg, M.D., and W. Gerald Austen, M.D. 


ABSTRACT The theoretical concept of delivering 
oxygenated blood to an ischemic myocardium by 
way of the coronary venous system antedated by 
many decades the present widespread utilization of 
coronary artery bypass grafting. Diffuse arterial 
atherosclerosis has limited the effectiveness of coro- 
nary artery bypass grafting in about 1596 of patients 
seen with significant angina pectoris. Consequently, 
there has been renewed interest in selectively re- 
versing the flow in certain coronary veins through 
coronary venous bypass grafts. This collective review 
details the physiology and anatomy of the coronary 
venous system. It then discusses the early attempts 
to globally retroperfuse the entire coronary venous 
system through the coronary sinus. Finally, the cur- 
rent experimental and clinical attempts to selectively 
retroperfuse just one region of the coronary venous 
system are presented and reviewed. 


Coronary artery bypass grafting (CABG) is now 
the procedure of choice for significant but dis- 
crete atherosclerosis of the coronary arteries 
[52]. However, among the 60,000 patients who 
undergo CABG annually [49], a group has been 
defined whose coronary disease renders arte- 
rial bypass ineffective. These are patients who 
have (1) diffuse atherosclerotic disease and poor 
runoff, (2) persistently severe angina pectoris 
following unsuccessful coronary artery bypass 


operation, and (3) small coronary arteries found : 


at operation with little likelihood of long-term 
CABG patency. Approximately 12 to 3096 of the 
revascularization candidates fall into this group 
[9, 10, 24, 51]. All coronary artery surgeons 
have experienced the frustration of incising a 
diseased coronary artery and observing no 


backflow. While endarterectomy of the right _ 


coronary artery is useful in some circumstances 
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[37], it is usually not technically possible in the 
left coronary system. The focus of this review is 
an alternative method of perfusing the ischemic 
myocardiums of these three categories of pa- 
tients. 

Toward this goal, there has been renewed 
interest in reversing flow in the coronary venous 
system to deliver oxygen and substrate to 
poorly perfused heart tissue. This concept be- 
comes even more attractive with the realization 
that the atherosclerotic process does not affect 
the coronary venous system [1, 2, 10, 15].* This 
report traces the evolution of retrograde coro- 
nary venous perfusion since it was proposed by 
Pratt in 1898 [60]. The anatomy and physiology 
of the coronary venous system is reviewed first. 
Next, the early global attempts to retroperfuse 
through the coronary sinus and the subsequent 
present selective attempts to reverse flow in 
coronary venous system are traced. Finally, the 
clinical application of selective retrograde coro- 
nary venous perfusion is outlined. 


Anatomy and Physiology 

Historically, research on the vascular anatomy 
of the myocardium has focused on the coronary 
arteries. The coronary venous system, by com- 
parison, traditionally has been neglected. This 
lack of anatomical knowledge of the venous 
system has stimulated a continuing debate on 
the exact definition of the microvascular venous 
channels—a debate not yet concluded. 

There are basically two interrelated systems 
that drain the myocardium. The majority of 
blood returns to the heart by subepicardial 
coronary veins that join larger vessels and ulti- 
mately flow into the right atrium. This "greater 
system" (Figure) includes those vessels that 
drain into the right atrium througli the (1) coro- 
nary sinus (the anterior descending coronary 
vein, the posterior left ventricular vein, the ob- 
lique vein of Marshall, the middle cardiac vein, 
and the small cardiac vein all drain into the 


*Roberts WC Jr.: Personal communication, 1977. 
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coronary venous systems. 


great cardiac vein, which becomes the coronary 
sinus) and (2) those vessels that drain directly in- 
to the right atrium (anterior cardiac veins). Of 
great anatomical importance is the existence of 


one-way valves guarding the orifices of these 


veins that empty into the great cardiac vein [53, 
67]. No other valves exist in the coronary ve- 
nous system. The "lesser" or deep venous cir- 
culation comprises those vessels that drain 
directly into the cardiac chambers: the ar- 
terioluminal, the arteriosinusoidal, and thebe- 
sian vessels. These anatomical pathways have 
been worked out by Grayson [28], Gregg [29- 
31], Huth [40], Moll [50], Noack [54], Ostadal 
[56], Truex (74, 75] and their colleagues and by 
Parsonnet [58], Smith [69], and Wearn [79]. 
The superimposition of these two different 
drainage patterns is at first confusing. How- 
ever, a theory proposed in 1967 by Hammond 
and Austen [33] related these two patterns to 
the phylogenetic history of the heart. Early 
vertebrates (hagfishes and lampreys) nourished 
the myocardium simply by absorbing blood 
from the lumen of their single-chambered 
ventricles. Simple diffusion is the classic 
method of nutrition and waste disposal for 
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lower organisms lacking vascular systems. This 
was confirmed by Hochberg and Folkman [23, 
36] in bacterial growth experimentation. 

As vertebrates ascended the evolutionary 
ladder, they outgrew the spongework in- 
terstices and sinuses that communicated di- 
rectly with the ventricular lumen and evolved 
the coronary arterial and venous systems. Os- 
tadal and co-workers [56] noted that this evo- 
lutionary pattern is repeated in the embryologi- 
cal growth of the rat heart. Coronary vessels 
were seen first in the elasmobranchs and bony 
fishes. Superimposition of the vascular pattern 
on the primitive remnants of the local diffusion 
system has left the mammalian heart peculiar 
unto itself. More important, since the mamma- 
lian heart receives only 7% of its own cardiac 
output, it has been left with a very precarious 
perfusion pattern by its evolutionary ancestors. 

It is this lesser pattern of coronary “‘diffu- 
sion" drainage that concerns the investigator of 
venous retroperfusion because it is these ar- 
terioluminal, arteriosinusoidal, and thebesian 
vessels that must be relied on to drain ret- 
roperfused cardiac muscle. Unfortunately, it is 
these vessels that still lack adequate anatomical 
characterization. 

In 1706, Vieussens [6] found that a solution 
injected into the coronary arteries could be re- 
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covered not only from the coronary sinus but 
also directly from the cavities of the heart. This 
suggested drainage by way of small foramina, 
which he named "ducti carnosi." He concluded 
that these direct connections were continuous 
with the coronary arteries. Thebesius [71] in 
1708 injected colored liquids into the coronary 
sinus and observed their escape into the heart 
chambers. Pratt in 1898 [60] suggested the 
. physiological importance of a lesser venous 
drainage system. He proposed the possibility of 
maintaining nutrition of the heart by intro- 
ducing blood into a closed ventricle, thus re- 
versing the flow in the thebesian vessels. The 
irrigation of the capillaries by thebesian chan- 
nels was thought by Batson and Bellet [5] to bea 
possible explanation for the disappearance of 
the pain of angina pectoris. In 1928, Wearn [79] 
reported experimental evidence for the direct 
anastomoses between the coronary arteries and 
thebesian veins, and between the capillaries 
and thebesian veins. The following present 
definitions emerge from the work of Wearn and 


associates [80] in 1933, Hammond and Austen - 


[33] in 1967, Gould [26] in 1968, Hort [39] in 
1971, and Toborg [73] in 1972, and of Ostadal 
[56] in 1973, Noack [54] in 1973, Grayson [28] in 
1974, Huth [40] in 1976, Bates [4] in 1977, and 
their co-workers. 

THEBESIAN VEINS. Grant and Viko [27] in 
1929 defined the present thinking about the 
anatomical role of the thebesian veins. These 
vessels connect the capillary bed with the car- 
diac chambers. Blood flows in both directions. 
Their circular or, more rarely, slitlike openings 
may be found in all chambers of the heart but 
predominate in the right ventricular muscula- 
ture. 

ARTERIOLUMINAL VESSELS. A bidirectional 
flow: pattern connects the arterial system and 
the capillary bed. These vessels are termed ar- 
terioluminal communications. The fact that 
these vessels anastomose directly with the coro- 
nary arteries distinguishes them from the the- 
besian vessels, which do not. Although Wearn 
and co-workers [80] in 1933 proposed that direct 
communication exists between these vessels 


and the cardiac chambers, new evidence pre- 


sented in this paper disputes this concept. 


ARTERIOSINUSOIDAL VESSELS. These are 


more numerous than the arterioluminal vessels 
and represent a network of irregular vessels that 
arise, according to Hammond and Austen [33] 
and Noack and associates [54], from the coro- 
nary arteries and empty either into the capillary 
bed or mainly into the ventricular chamber. 
These thin-walled vascular lakes (50 to 80 uw in 
size) embryologically represent endocardial re- 
cesses. 

The separate contributions of these venous 
drainage patterns was estimated in 1967. In a 
report from this institution, Hammond and 
Austen [33] discovered that 4996 of the total 
coronary artery flow was drained by the coro- 
nary sinus* and 2496 by the anterior cardiac 
veins, which enter the right atrium. Thus, this 
greater system handles 7396 of venous drain- 
age. The lesser system carries 2796 of the load, 
with the thebesian veins accounting for 2296 
(mainly to the right ventricle) and the ar- 
terioluminal and arteriosinusoidal vessels ac- 
counting for 595 (largely into the left ventricle). 
The drainage of inflow from the left anterior 
descending (LAD) coronary artery alone is 
roughly comparable: 4896 drains into the coro- 
nary sinus, 34% into the right ventricle by the 
thebesian veins, 12% into the right atrium by 
the anterior cardiac veins, and 5% into the left 
ventricle by arteriosinusoidal vessels. Using 
isolated canine hearts, these percentages were 
calculated on the basis of oxygen saturation 
measurements. The level of blood desaturation 
determined whether it had passed through a 
capillary bed. Hammond and Austen [33] 
found that blood that entered the right ventricle 
had the same level of desaturation as coronary 
sinus and anterior cardiac vein blood. This 
would indicate that blood entered by veins 
rather than arteriosinusoidal connections, 
which would have bypassed a capillary bed. 
The right ventricular direct communications 
were thought then to be mainly thebesian in 
nature. 

However, a different physiological situation 
occurs in the left ventricle. It was found that 
blood entering this chamber was only partially 
desaturated, and this suggested that a portion 


*[n 1913, Evans and Starling [21], with far less sophisticated 
techniques, estimated this percentage to be 60%. Given 
their instrumentation, this is a remarkably close calculation. 
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bypassed capillary beds and went directly from 
the arteries into the left ventricular chamber. 
The suggestion by Hammond and Austen [33] 
that this flow occurred through arteriosinusoi- 
dal lakes as opposed to arterioluminal connec- 
tions was based on their analysis of the work of 
Wagner and Poindexter [77], James [41], Mac- 
Lean and associates [45], and Estes and associ- 
ates [20]. In fact, Hammond and Austen [33] 
concluded that arterioluminal vessels do not di- 
rectly drain into the heart chambers at all but 
rather communicate solely with the capillary 
beds. 

It is now generally agreed that coronary ar- 
tery flow occurs during diastole. This was de- 
scribed by Radatel [61] in 1872 and reconfirmed 
by Wood [82] in 1968. The large arteries on the 
epicardial surface dilate to form an elastic reser- 
voir during systole. During diastole these re- 
servoirs act as an accessory pump forcing blood 
into the myocardium. Wood [82] stated that 
during systole, ventricular contraction effec- 
tively prevents arterial blood flow through the 
coronary artery vessels but promotes emptying 
of both the greater and lesser venous systems. 
Thus, venous flow in the myocardium occurs 
during systole and is directly related to the 
squeezing of the heart action. 

It is concluded that venous drainage of the 
heart is based largely on a greater system (73%) 
of myocardial — epicardial > coronary sinus/ 
anterior vein — right atrium blood flow and a 
lesser system (27%) of myocardial —> endocar- 
dial —  thebesian/arteriosinusoidal — ven- 
tricular flow. 


The Early Concept 

of Global Retroperfusion | 
Ihe work of Pratt [60] (1898) and Batson and 
Bellet [5] (1930) provided some documentation 
that reversal of flow in the coronary venous 
system could confer some nutritive benefit on 
the myocardium. By perfusing the coronary 
sinus, Pratt [60] was able to maintain contrac- 
tions for 90 minutes in the otherwise devas- 
cularized feline heart. In 1937, Gross and col- 
leagues [32] reported an attempt to increase 
coronary perfusion by partially occluding the 
coronary sinus in animals. These animals tol- 
erated the ischemia of ligation of the LAD artery 


better than control animals that did not have 
partial coronary sinus ligation. Katz and associ- 
ates [42] in 1938 took the next step and totally 
occluded the coronary sinus. They found that 
this procedure reduced total coronary artery 
flow, most likely on the basis of venous en- 
gorgement. They concluded that there was no 
justification for coronary sinus ligation if the 
goal was augmentation of coronary artery flow. 

However, the realization that the coronary 
venous system is not affected by atherosclerosis 
[1, 2, 10, 15]* encouraged further investigation 
of the coronary venous system as an alternative 
route of nutritive flow to the myocardium. 
Roberts and associates [63] in 1943 proposed 
bringing oxygenated blood into the coronary 
sinus. They constructed a glass tube shunt from 
the brachiocephalic artery to a point just 
proximal to the occluded coronary sinus. By 
injecting dye under pressure, they observed 
that the capillaries contained the dye and con- 
cluded that "an ischemic myocardium may be 
revascularized by anastomosis of the large ar- 
tery with the. coronary sinus and coronary 
veins." 

Beck and associates [7] refined this approach 
in 1948. In a procedure that came to be known 
as the Beck II, they first occluded the coronary 
sinus. After waiting 10 to 14 days for it to fi- 
brose and scar, they implanted the turned down 
carotid artery into it. Experimentally, isch- 
emia was created by ligating the LAD artery. They 
showed that the shunt permitted survival com- 
pared with the fatal outcome of simple ligation 
of this artery. Beck's group also made two im- 
portant physiological observations. First, they 
noted that the coronary sinus could tolerate 
arterial pressure over a long period, and second 
that there was no wide-open fistula effect from 
arterialization of the coronary sinus. Beck's ap- 


' proach is termed "global retroperfusion’’ be- 


cause he attempted to shunt oxygenated blood 
into the entire coronary venous system. 

Beck refined this experimental technique, 
and in 1954, he and Leighninger [6] reported a 
series of 186 patients who had undergone his 
procedure. He reversed the experimental tech- 
nique by first interposing a free vein graft from 


*Roberts WC Jr.: Personal communication, 1977. 
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the aorta to the coronary sinus. This was fol- 
lowed two weeks later by partial occlusion of 
the coronary sinus. The second part of the pro- 
cedure was used to raise coronary sinus pres- 
sure and stimulate retrograde flow. However, 
in 1954, Eckstein and Leighninger [19] and 
Bakst and co-workers [3] discovered that the 
protective effect of Beck's shunt was short-lived 
because within a few months the shunts clotted 
off. Eckstein and Leighninger [19] also noted a 
marked increase in coronary collateral circula- 
tion, which continued to permit survival com- 
pared with nonviable experimental controls that 
underwent only ligation of the LAD artery. By 
cutting the left main coronary artery in these 
animals, Eckstein and associates [18] found in 
1953 that the backflow pressure of this desatu- 
rated venous blood was less than the pressure 
in the occluded coronary sinus—despite the 
clotted shunt. They proposed that this pressure 
differential was evidence of transcapillary pas- 
sage of blood from the coronary sinus into the 
arterial system. Bakst and associates [3] con- 
firmed that by 6 months, the Beck II shunt had 
closed but new collateral flow continued to 
protect the ischemic myocardium. 

However, the exact mechanism of coronary 
sinus retroperfusion remained poorly under- 
stood. This lack of a strong physiological basis 
for global retroperfusion through the coronary 
sinus combined with a high mortality with the 
Beck II procedure—26.1% in the study of Beck 
and colleagues [6] and 3896 in the study of Feil 
[22]-—essened interest in this revascularization 
technique. 

In the 1950s with the advent of cardiopulmo- 
nary bypass, the retrograde venous perfusion 
technique seemed perfectly appropriate for 
temporary myocardial protection during by- 
pass. Blanco and colleagues [11] reported that 
in dogs, a flow of 50 ml per minute into the 
coronary sinus preserved the myocardium for 
up to 7 minutes during aortic valve debride- 
ment. All of the hearts restarted. Subsequently, 
Lillehei [44], Gott [25], Hammond [34], Poirier 
[59], Solorzano [70], and their associates all 
found that coronary sinus perfusion (with 
moderate. hypothermia) could sustain the 
myocardium for/periods of up to one hour 
without da injury. It remained for 


Williams and co-workers [81] to determine that 
ligation of both main coronary arteries coupled 
with 50 ml per minute of coronary sinus perfu- 
sion could not support the systemic work of the 
heart for longer than 15 minutes. 

Gott and associates [25] in 1957 reported 
pressure changes in the coronary venous system 
during retroperfusion experiments for myocar- 
dial protection during bypass. They found that 
coronary sinus mean pressures greater than 40 
mm Hg caused small areas of ecchymoses while 
pressure of 80 mm Hg systolic led to visible 
widespread signs of damage. They suggested 
that the optimal mean pressure was 30 mm Hg 
in the coronary venous system. Hammond and 
associates [34] agreed that severe damage to 
venules began at a pressure greater than 60 mm 
Hg. In 1976, Zajtchuk and co-workers [83] dis- 
covered that at the initiation of selective retro- 
grade perfusion, mean venous pressure was 55 
mm Hg but dropped 25 mm Hg over a period of 
30 to 45 minutes. This confirmed the findings of 
Thornton and Gregg [72]. The normal coronary 
venous pressure is 0 to 6 mm Hg. Data from this 
laboratory confirm these pressure changes.[35]. 

The unacceptable mortality of the Beck II pro- - 
cedure with its uncertain physiological conse- 
quences (the existence of one-way valves at the 
orifices of the major vessels draining into the 
great cardiac vein) coupled with the advent of 
coronary artery bypass in the late. 1960s less- 
ened interest in the venous retroperfusion 
concept for a long time. However, over the last 
five years, the limitations of arterial bypass 
have become apparent, and again attention is 
focusing on retrograde coronary venous perfu- 
sion. 


Selective Retrograde 

Coronary Venous Perfusion | 
Coronary artery bypass is unsuitable for the 12 
to 3096 of revascularization candidates with 
diffuse arterial disease [9, 10, 24, 51]. Since 
the coronary venous system is free from 
atherosclerotic deposits, selective revasculari- 
zation of certain coronary veins has become a 
very attractive concept. The selective concept of 
venous revascularization reverses venous flow 
only in the precise areas of ischemia caused by 
arterial disease. In other areas of the myocar- 
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dium, the greater and lesser venous drainage 
systems continue to perform their usual tasks. 
Thus, only a small portion of the venous drain- 
age is reversed. Because of the uncertain effects 
of global retroperfusion—especialy with the 
discovery of valves at the orifices of the major 
veins—selective retrograde coronary venous 
perfusion was proposed by Arealis and associ- 
ates [2] in 1973 and has generated a large 
amount of investigation [1, 4, 8, 10, 12, 14, 15, 
17, 24, 35, 38, 40, 43, 46-48, 50, 51, 55, 57, 
66—68, 81, 83].* 

Kolff's group [10], in a series of acute experi- 
ments, tied off the LAD artery; S-T segments 
rose on epicardial electrocardiographic tracings. 
Perfusion of the left anterior descending vein 
(LADV) by the left internal mammary artery 
(LIMA) resulted in a rapid return of the elevated 
S-T segments to the baseline. This was the first 
clear proof that selective retrograde coronary 
venous bypass grafts (CVBG) could acutely re- 
verse an ischemic event. Magovern's group in 
1974 [24] and 1975 [57] documented the efficacy 
of a selective CVBG by coronary sinus oxygen 
sampling. In its first report, the group con- 
structed a LIMA-LADV anastomosis with the 
great cardiac vein ligated proximally to prevent 
an arteriovenous fistula. The coronary sinus 
oxygen saturation was measured and compared 
with a LIMA-LADV anastomosis without prox- 
imal vein ligation, thus permitting an arte- 
riovenous fistula. A higher level of oxygen was 
found in the coronary sinus with the open fis- 
tula model. The investigators concluded that 
the greater amount of coronary sinus desatura- 
tion with a CVBG and proximal great cardiac 
vein ligation proved that this "unrecovered" 
oxygen was perfusing the myocardium. How- 
ever, they never proved conclusively that the 
oxygen was actually reaching the myocardium. 
Of equal concern was the finding by Hammond 
and Austen [33] that more than half of all LAD 
artery inflow was returned to the heart by non- 
coronary sinus routes. In its second report, 
Magovern's group created an ischemic insult 
(LAD ligation) to show the efficacy of the 
LIMA-LADV connection. _ 

In 1975, Benedict and associates [8] presented 


*Magovern GJ: Personal communication, 1977. 


further experimental evidence in favor of selec- 
tive retrograde venous perfusion utilizing an 
electromagnetic flowmeter, radioisotope scan- 
ning, coronary angiograms, hydrogen electrode 
evaluation of arteriovenous shunting, injec- 
tions of methylene blue, electrocardiographic 
monitoring, and venous capillary response to 
papaverine and isoproterenol. This group ini- 
tially used the LIMA-LADV model for ac- 
complishing coronary venous bypass grafts. 
However, it found that flows were usually less 
than 50 ml per minute and deemed LIMA in- 
flow a poor method of constructing a CVBG. Of 
note, Dart [16], Wanibuchi [78], and their asso- 
ciates, and Chiu [15] seconded Benedict's [8] 
reservations about using the LIMA because of 
inadequate flow. In a series of 18 experimental 
dogs, Benedict and co-workers [8] created. 
selective retrograde venous perfusion by inter- 
posing a reversed saphenous vein between the 
aorta and the LADV. The LAD artery and the 
great cardiac vein were also ligated. Flows 
greater than 50 ml per minute were obtained in 
the venous graft. Retrograde venous perfusion 
was deemed successful on the basis of the tech- 
niques already mentioned. 

Demos and colleagues [17] showed that with 
acute arterial occlusion, retrograde venous 
perfusion by a shunt from a carotid artery re- 
stored left ventricular contractile force to 6096 
of control. Furthermore, over the short-term 
(three hours) hemorrhagic necrosis and infarc- 
tion were avoided. These findings were con- 
firmed by Meerbaum and co-workers [48] in 
similar experiments. The remaining question 
was whether selectively retroperfused oxyge- 
nated blood actually reached the subendo- 
cardium as opposed to just returning to the 
coronary sinus by surface venovenous anas- 
tomoses. 

We have presented experimental data utiliz- 
ing radioactive tracer microspheres to assess 
selective retrograde coronary venous perfusion 
[35, 38]. The technique of flow measurement 
with microspheres was developed by Rudolph 
and Heymann [64] and reviewed by Buckberg 
[13] in 1975. This technique is particularly 
suited for determining flow to the layers of the 
myocardium. In our acute animal preparations, 
there was no preferential shunting of blood 
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during retrograde coronary venous perfusion to 
the subendocardium, myocardium or subepi- 
cardium on the basis of microsphere flow cal- 
culations. The LAD artery was ligated and ret- 
rograde venous perfusion instituted through a 
carotid artery- LADV shunt. Full-thickness an- 
terior wall flow averaged 34.8 + 3.2 (SEM) ml 
per 100 gm tissue per minute. LAD artery ligation 
without venous perfusion left the anterior wall 
flow at 13.5 + 1.5 ml/100 gm/min (normal an- 
terior wall flow in a dog is 100 + 2.5 ml/100 
gm/min). Apical epicardial electrocardiographic 
recording confirmed the previously reported 
marked improvement in S-T segment elevation 
with the institution of selective retrograde 
coronary venous perfusion. 

The next step was to determine if a CVBG 
could remain patent over a long period. Chiu 
and Mulder [14] reported that 8 sheep were 
killed from 10 days to 5 months following a 
LIMA-LADV anastomosis with LAD artery li- 
gation. The animals had no evidence of edema 
or hemorrhage, and the authors thought the ve- 
nous perfusion afforded partial protection be- 
cause the mature infarcts were smaller than 
those in control animals with LAD artery liga- 
tion alone. Additionally, histological and elec- 
tron microscopic sections showed no thrombo- 
sis or intimal hyperplasia of the veins. 

We also reported a series of 14 dogs who 
underwent long-term retrograde perfusion 
through a CVBG into a LADV [38]. At oper- 
ation, the LAD artery was ligated to create an 
ischemic event, and the LADV was ligated 
cephalad to the CVBG-LADV anastomosis to 
prevent an arteriovenous fistula. During the 
postoperative period, patency was assessed by 
angiography. When the animals were killed 3 to 
5 months later, ten of the fourteen CVBGs were 
patent. Microsphere injection was again em- 
ployed to determine the flow to the anterior 
wall now supplied by retrograde venous perfu- 
sion. Anterior myocardial transmural flow was 
39.4 + 0.9 ml/100 gm/min. The endocardial/ 
epicardial flow ratio was 1.4 : 1 indicating that 
retrograde venous perfusion effectively deliv- 
ered blood to the subendocardium over the ex- 
perimental 3- to 5-month period. This favorable 

endocardiallepicardial ratio .is important be- 
cause, as noted by Sabiston [65], the suben- 
docardium is the layer of heart wall most vul- 


nerable to ischemic injury. In 8 control animals, 
proximal LAD artery occlusion (proximal to the 
first septal perforator) without selective CVBG 
protection proved uniformly fatal within 5 days 
of operation. This confirms reports in the liter- 
ature for this experimental control (1, 7, 50, 55, 
83]. 

Selective retrograde coronary venous perfu- 
sion has created a great deal of controversy 
in the literature. Encouraging selective CVBG 
experiments in which various means of evalua- 
tion were used have been cited already. How- 
ever, Zajtchuk and co-workers [83], Razzuk 
[62], Kay and Suzuki [43], and Marco and col- 
leagues [46], using seemingly similar methods 
of experimental evaluation, found venous per- 
fusion of little benefit. Explanation of these less 
optimistic reports is not immediately obvious. 
However, it can be speculated that their ex- 
periments failed for four reasons. 

First, they used LIMA inflow, which may have 
been inadequate to perfuse the selected isch- 
emic area as previously documented [8, 15, 
16, 78]. None of these four unfavorable papers 
measured flow through the LIMA shunt. The 
second potential technical problem may have 
been the point of LAD artery ligation, which is 
the usual experimental model for creating isch- 
emia. Fatal arterial infarction can be achieved 
in the dog only if the LAD artery is occluded 
proximal to its first septal perforator. If li- 
gation is distal to this branch, "competitive" 
arterial inflow by way of this perforator and 
collaterals may render the CVBG inflow far less ` 
important at the capillary level. This conceiv- 
ably could explain the finding of LIMA patency 
with obstruction at the LADV anastomosis in 
one of these reports [46]. 

The third question raised by these pessimis- 
tic reports is their operative technique. Three of 
these four papers report that the coronary ve- 
nous anastomosis was achieved without the aid 
of cardiopulmonary bypass (the fourth report 
does not state the operative technique em- 
ployed). We found a more precise anastomosis 
could be achieved with a quiet heart on total 
cardiopulmonary bypass. 

The fourth potential experimental problem 
may have been the coronary sinus sampling 
technique for variables such as oxygen and lac- 
tate. As shown by Hammond and Austen [33], 


585 Collective Review: Hochberg and Austen 


since more than half of all coronary artery flow 
is returned to the heart by noncoronary sinus 
routes, data based on coronary sinus sampling 
techniques may be inaccurate. 

We found that with graft flow averaging ap- 
proximately 50 ml/per minute, there was no 
histological evidence of interstitial hemor- 
rhage, venous sclerosis, or thrombosis at the 
time the animals were killed 3 to 5 months fol- 
lowing operation [38]. Demos and co-workers 
[17], Chiu and Mulder [14], and Magovern* re- 
ported similarly encouraging histological find- 
ings. 

Of interest, Chiu [15] reported that high-flow 
coronary venous bypass grafts may prove as in- 
adequate as low-flow grafts. He found that 
flows of 100 to 150ml per minute encountered a 
very high venous resistance and caused myo- 
cardial hemorrhage, edema, and infarction. In 
our long-term coronary venous bypass experi- 
ments already described, it may have been 
serendipitous that our graft flow averaged 53 ml 
per minute in the 10 animals with patent grafts 
3 to 5 months after operation. The 4 animals 
that did not survive the postoperative period 
had operative graft flows averaging 89 ml per 
minute. 

Chiu and Mulder [14] examined microscopic 
findings in sheep killed 10 days to 5 months 
following selective retrograde coronary venous 
perfusion with LAD artery ligation. They 
showed that "mature infarcts, either as focal ne- 
crosis or as transmural scars, were smaller than 
might be expected without coronary vein ar- 
terialization, and they were always located near 
the apex of the left ventricle.” In further his- 
tological and electron microscopic studies, the 
myocardium in the noninfarcted area was nor- 
mal and without signs of edema or hemorrhage. 
Both the hemodynamic and histological results 
in these reports of long-term selective retro- 
grade coronary venous perfusion are en- 
couraging [14, 17, 38].* 


Clinical Experience 

There have been three reports of the clinical use 
of selective retrograde coronary venous per- 
fusion. These selective venous bypass opera- 
tions were all performed in conjunction with 


*Magovern GJ: Personal communication, 1977. 


coronary artery bypass to other vessels. 
Park, Magovern, and associates [57] reported 6 
patients who had LIMA-LADV anastomoses. 
Catheterization performed 7 to 21 days post- 
operatively showed that all 6 of the venous 
bypasses were patent. Subsequent angiograms 
in 2 patients (215 months and 7 months post- 
operatively) showed that one was open. A third 
patient had a myocardial perfusion scan, 
which suggested an arteriovenous fistula. Ap- 
parently the great cardiac vein was not ligated 
cephalad to the venous anastomoses in these 
clinical trials. Benedict and co-workers [8] re- 
ported a series of 3 patients who had a total of 
four coronary venous bypasses. Two of three 
grafts studied were found to be patent on post- 
operative angiograms. Myocardial scanning 
showed good uptake in the early postoperative 
period. Moll and colleagues [50] reported 21 
patients with diffuse atherosclerosis who 
underwent venous bypass with a LIMA-great 
cardiac vein anastomosis. These patients were 
denied coronary artery bypass previously be- 
cause the disease was thought to be too exten- 
sive. The coronary sinus was tied off, making 
this a "global" rather than a "selective" venous 
arterialization. Sixteen patients survived the 
procedure, and there was 1 late death. No 
long-term mortality or angiographic follow-up 
was reported. These three reports represent the 
first clinical attempts to revascularize the heart 
by way of the venous channels since Beck's [6] 
report of more than twenty-five years ago. Be- 
cause the numbers of patients are small, no im- 
portant conclusions can yet be drawn. 


Conclusion 

In conclusion, we make the following points: 

1. Coronary artery bypass is the most reliable 
way to deliver blood beyond a discrete 
proximal arterial occlusion. 

2. The coronary venous system is never in- 
volved in the atherosclerotic process even if 
the accompanying artery is diffusely dis- 
eased. 

3. The major coronary veins have valves only at 
their orifices, which may account for the 
failure of "global" arterialization and the ex- 
perimental success of "selective" venous 
perfusion. 

4. There is firm experimental evidence in ani- 
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mals that long-term selective retrograde 
coronary venous perfusion can effectively 
perfuse the myocardium with a favorable 
endocardial/epicardial flow ratio. 


. Based on the experimental, physiological, 


histological, and hemodynamic flow data, it 
may now be reasonable to offer a selective 
saphenous vein-CVBG to (a) patients with 
diffuse atherosclerosis (not amenable to en- 
darterectomy) and (b) patients who have 
failed to benefit from the conventional coro- 
nary artery bypass procedure. 
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CORRESPONDENCE 


Left Ventricular Aneurysm 


To the Editor: 


We enjoyed very much the article "Annular Subval- 
vular Idiopathic Left Ventricular Aneurysms in the 
Black African" by Dr. Wolpowitz and co-workers 
(Ann Thorac Surg 27:350, 1979). To our regret, how- 
ever, they did not mention our article [1] in their 
extensive review of the literature. We believe that the 
case we presented is noteworthy for two reasons. 


1. The 6-year-old boy we operated on successfully is 
the first and possibly the only non-Black African 
reported with such an anomaly 

2. He had an associated ventricular septal defect 
(VSD) which, to the best of our knowledge, has 
never been found previously as an associated de- 
fect. 


The aneurysm in our patient was submitral and 
very well delineated from the normal myocardium. 
The orifice was single, and mitral incompetence was 
not present. The aneurysm was excised and the VSD 
closed through the left ventricular orifice. Histologi- 
cal examination revealed dense and sclerotic connec- 
tive tissue with occasional atrophic myocardial fi- 
bers. 

Eight years after the operation, the patient is 
leading a normal life. i 

The conclusions we can draw from this case are 
that the anomaly is not a characteristic of Black Afri- 
cans only and that the presence of an associated VSD 
lends additional support to the idea of a congenital 
origin of the aneurysm. 

Operation early in infancy prevents the progres- 
sive enlargement of the aneurysm. This removes the 
danger of mitral incompetence, which is a common 
finding in the adult with a large aneurysm. 


Massimo Villani, M.D. 


Department of Cardiac Surgery 
Ospedali Riuniti 
24100 Bergamo, Italy 
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. Editor's Note 


Many years ago The Annals of Thoracic Surgery 
adhered to the policy suggested by The New England 
Journal of Medicine (290:740, 1974): Claims of priority 
. are not acxnowledged because nine times out of ten, 
indignant letters denying the author's right to the 
tile will appear. | 


Anomalous Origin of RCA 


To the Editor: 

We enjoyed the article by Dr. Lerberg and co- 
workers entitled "Anomalous Origin of the Right 
Coronary Artery from the Pulmonary Artery" (Ann 
Thorac Surg 27:87, 1979). However, there is one point 
we want to bring to the attention of readers of The 
Annals. 

In their opening paragraph, the authors stated 
that only 14 patients with this rare coronary ar- 
tery anomaly have been reported. In 1966, we pre- 
sented the case of a patient with the anomaly. The 
article, "Anomalien im Koronargefáss-System," was 
published in Thoraxchirurgie Vaskulaere Chirurgie 
(14:227). In this excellent review by Dr. Lerberg and 
associates, we were unable to find reference to our 


paper. 


Wieslaw T. Dubiel, M.D. 
Lennart Johansson, M.D. 


Department of Thoracic Surgery 
University Hospital 
Uppsala, Sweden 


Reply 

To the Editor: 

I appreciate Drs. Dubiel and Johansson calling my 
attention to their article entitled “Anomalien im 
Koronargefass-System” (Thoraxchirurgie Vaskulaere 
Chirurgie 14:227, 1966) and apologize to them for not 
including it in our collective review. Their article 
actually describes the eighth of 18 known cases 
of anomalous origin of the right coronary artery and 
obviously increases our suspicion that there are a 
number of unreported cases as well. Their patient, a 
15-year-old boy, underwent successful ligation of the 
right coronary artery at its origin and was alive and 
well 412 years later. In light of angiography per- 
formed on this patient postoperatively, the authors 
would probably agree that establishment of “a two 
coronary system” is the preferable method of man- 
agement for this anomaly at this time. 


David B. Lerberg, M.D. 


Department of Surgery 
University of Pittsburgh School of Medicine 
Pittsburgh, PA 15261 


Graft Hemostasis 
To The Editor: 


_I] was interested to read Bethea and Reemtsma's tech- 


nique for graft hemostasis in the heparinized patient 
(Ann Thorac Surg 27:374, 1979). 

There is another method of achieving graft 
hemostasis in the already heparinized patient, which 
was discovered by serendipity. During repair of a 
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ruptured abdominal aortic aneurysm, it was learned 
that no woven graft was available. A double velour 
bifurcation graft* was inserted in the usual manner, 
and the cross-clamp was slowly removed. Initially 
the graft displayed copious "sweating" of blood, and 
the cross-clamp was reapplied for a few minutes. 
Upon removal of the clamp, the graft was seen to be 
completely hemostatic, even before protamine had 
been given systemically. This experience has been 
repeated in 4 additional patients, with the same re- 
sult in all 4. 

I agree with the manufacturer's recommendation 
to preclot all knitted Dacron grafts whenever possi- 
ble. Nevertheless, in an emergency situation, a dou- 
ble velour graft may be used in the already 
heparinized patient. The denser pile of the double 
velour results in lower porosity than standard knitted 
grafts, probably allowing platelets to act as the pri- 
mary hemostatic agent. 


T. E. Theman, F.R.C.S.(C) 


Department of Surgery 
Memorial University of 
Newfoundland 

St. John's, 

Newfoundland, Canada A1B 3V6 


*Cooley Double Velour Guideline Grafts, Meadox Medicals 
Inc., Oakland, NJ 07436. 


Continuous Suture in Valve Replacement 


To the Editor: 

In his editorial "Factors Determining Outcome of 
Cardiac Valve Replacement" (Ann Thorac Surg 
27:101, 1979), Dr. Roberts expressed the view that the 
use of interrupted sutures would be less likely than a 
continuous suture technique to be associated with 
massive prosthetic regurgitation. Our experience 


with more than 1,500 prosthetic valve implants in all 
positions over the last 10 years does not support that 
assumption. The incidence of paravalvular leak re- 
quiring reoperation (1.5%) in more than 600 single 
mitral valve replacements with the Beall valve (verti- 
cal cuff) using continuous suture was not signifi- 
cantly different from the incidence of this complica- 
tion (1.996) in 336 mitral valve replacements using 
the same valve with interrupted sutures [2]. No case 
of massive paravalvular leak occurred in the group of 
patients with continuous suture. In isolated aortic 
valve replacement with the Bjórk-Shiley valve, we 
usually use interrupted sutures for valve insertion. 
The incidence of paravalvular leak was low (<1%) 
regardless of the type of suture technique [1]. In fact, 
the only patient in whom massive aortic regurgita- 
tion developed had detachment of the interrupted 
sutures from the annulus, secondary to subacute 
bacterial endocarditis with abscess of the aortic root. 

The use of continuous suture may be of benefit to 
the patient. Since the cardiac ischemia time is re- 
duced by half with this technique, myocardial injury 
is minimized. This can be important in patients with 
marginal cardiac reserve. The three preconditions for 
this method of valve fixation are: a prosthesis or tis- 
sue valve with the sewing cuff designed for this 


purpose, a valve annulus without severe calcifica- 


tion, and a surgeon experienced in the technique. 


Javier Fernandez, M.D. 


Department of Thoracic and Cardiovascular Surgery 
Deborah Heart and Lung Center 
Browns Mills, N] 08015 
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REVIEW OF RECENT BOOKS 


Forgive and Remember: Managing Medical Failure 
By Charles L. Bosk 

Chicago, University of Chicago Press, 1979 

236 pp, $15.00 


Reviewed by Richard M. Peters, M.D. 


This is a bock by a medical sociologist who spent a 
number of months making rounds and following 
general surgical house officers on two services in a 
teaching hospital. Each service was run by a pair of 
surgeons. One pair was very clinically oriented, and 
the other was more interested in academic pursuits. 
The author describes quite vividly some of the en- 
counters and conflicts that occur and the processes of 
survival and progress. In particular, he discusses 
how the various levels of the hierarchy deal with suc- 
cess, failure, and authority. The house officers he 
labels "subordinates" and the attending surgeons, 
“superordinates.”’ 

The chapter headings give a good summary of the 
content: Error, Rank, and Responsibility; Routine 
Surveillance and Social Control; The Legitimation of 
Attending Authority; Climbing the Pyramid. Each 
chapter shows considerable insight into the process 
of molding or “breaking” young surgeons. There is 
much that is very familiar to me from my experience 
as house officer, an experience that did leave some 
rancor. On the other hand, I can recall some in- 
stances when perhaps a previous reading of such a 
book might have educated me to respect more the 
feelings of house officers and students. 

The author reaches conclusions that are generali- 
zations. If he were presenting such conclusions on 
surgical procedure, they would be labeled anecdotal. 
This is my major criticism of the text. The book is not 
inflammatory or unflattering to surgery or its meth- 
ods of training. It provides a description of the sys- 
tem that is accurate enough to be useful. It is worth 
reading and will provide insight particularly for you, 
your secretary, your spouse, and the spouses of 
house officers. The insight may make the rigors 
easier for the subordinates and make the superordi- 
nates realize that they may be super but are not or- 
dained. 


San Diego, CA 


Hospital-Acquired Infections in Surgery 
Edited by H. C. Polk, Jr., and H. H. Stone 
Baltimore, University Park Press, 1977 
158 pp, illustrated, $19.50 


Reviewed by Stuart Levin, M.D. 


This very small book is the result of a symposium 
held in 1970. The volume is very easy to read, and the 


data are presented in a precise manner. The material 
is extremely superficial in some areas, but otherwise 
the book provides a fairly accurate account of 
prophylaxis and wound infections for a surgeon who 
has minimal experience in this area and who has not 
kept up-to-date. 

Like most multiple-author studies, it is relatively 
uneven. Some of the chapters of reasonable depth 
have a persuasive "how to do it" approach. This is 
true of the chapter on opportunistic infections in 
patients with burns by Pruett and the two chapters 
by Dr. Kruse on wound infections. Dr. Ledger's ap- 
proach to minimization of infection in gynecological 
operations is useful, but more recent studies have 
been published on the same subject. In a short arti- 
cle, Dr. Polk discusses some aspects of prophylaxis 
and prophylactic antibiotics, a field to which he has 
made many contributions. 

Many interesting points are brought out and many 
incorrect folk tales are put to rest. The book is not a 
useful reference, however, since very few subjects 
are pursued with reasonable detail. There are some 
inaccuracies, particularly the discussions of therapy 
of systemic candida infections. The suggestion that 
systemic fungal infections be treated only with oral 
administration of nystatin and not intravenous am- 
photericin or 5-fluorocytosine is a gross inaccuracy 
and is likely to encourage a very dangerous approach 
to many patients. 

In short, this book might be something to read in a 
short period of time, while flying coast to coast, for 
example. I cannot recommend buying it for one's 
personal library. 


Chicago, IL 


Progress in Cardiology—7 
Edited by Paul N. Yu, M.D., 

and John F. Goodwin, M.D. 
Philadelphia, Lea & Febiger, 1978 
228 pp, illustrated, $17.00 


Reviewed by D. Craig Miller, M.D. 


The seventh annual volume of Progress in Cardiology 
illustrates a departure by editors Yu and Goodwin 
from the symposium theme. They have compiled a 
readable, yet comprehensive, collection of eight 
chapters focusing on various aspects of cardiovas- 
cular medicine and surgery. Because the topics 
selected span a diverse spectrum and because the 
level of sophistication varies widely among chapters, 
the impact of this volume of Progress in Cardiology 
may be less than that of previous volumes. 

The first chapter by Dr. Robert H. Anderson from 
London is perhaps one of the clearest theses pub- 
lished on the development and morphology of con- 
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genital cardiac anomalies. Although Dr. Maurice Lev 
has been called "the surgeon's embryologist," Dr. 
Anderson must be considered equally talented. All 
major defects are covered including situs abnormal- 
ities, anomalous venous drainage, and maldevel- 
opment of the atria, ventricles, and the conotruncus. 
Dr. Anderson commented that the nomencla- 
ture of ventricular muscle bundles is highly con- 
tentious; moreover, his subsequent descriptions are 
very illuminating. The sections on atrioventricular 
concordance and discordance and positional anom- 
alies of the conotruncus are exemplary in their clar- 
ity. The graphic illustrations complementing the 
text are also remarkably clear. I believe there are 
nuances in this chapter that may provoke debate 
among embryologists and pediatric cardiologists, 
but this chapter should not be overlooked by car- 
diologists and cardiac surgeons who take care of pa- 
tients with congenital heart disease. 

A lengthy (46 page) essay by Dr. Korner of Mel- 
bourne is dedicated to consideration of the role of the 
autonomic nervous system in reflex cardiovascular 
control. This comprehensive physiological review 
emphasizes properties of various types of receptors, 
their local reflex loops, and the complex inter- 
relationships between local effects and the efferent 
autonomic effects. Dr. Korner provides insight on 
the modulation of baroreceptor and chemoreceptor 
reflex pathways by central interactions between 
these pathways and those from other afferent inputs 
to the central nervous system. The chapter concludes 
with brief comments describing changes in reflex 
properties induced by various pathophysiological 
conditions (hypertension, myocardial infarction, and 
congestive heart failure). This chapter has relatively 
little direct clinical applicability: however, re- 
searchers working in basic cardiovascular physiology 
wil find an exhaustive overview of recent devel- 
opments in this area. 

The normal interrelationships between emotion, 
catecholamines, and electrocardiographic changes 
are described in a chapter by Drs. Taggart, Car- 
ruthers, and Somerville. Their data are derived from 
studying "normal" humans in emotionally stim- 
ulating situations, e.g., race car driving, sky div- 
ing, rock climbing, public speaking, and viewing 
violent films. Comments on the "pseudoischemic 
ECG" and the practical application of cardioselective 
beta-blocking agents are timely and valuable. Vari- 
ous hormonal and enzymatic responses to anxiety, 
fear, and aversion also are mentioned briefly. 

The relationships among diet, drugs (pyrrolizidine 
alkaloids, various anorexants, oral contraceptives), 
and primary pulmonary hypertension are discussed 
in detail by Drs. Heath and Kay. Both experimental 
and clinical pathology are covered. 

Dr. Chuichi Kawai and his colleagues from Kyoto 
summarize the “state of the art” clearly in a chapter 
concerning viral myocarditis and the possible links 


between such diseases and the idiopathic car- 
diomyopathies. They include comments regarding 
possible autoimmune cardiomyopathies. Percutane- 
ous right and left ventricular endomyocardial biopsy 
techniques were helpful in diagnosis. Theoretically, 
they also may be useful in monitoring treatment, es- 
pecially if the experimental results demonstrating the 
protective effects of interferon inducers and interfe- 
ron itself against virus-induced myocarditis can be 
extrapolated to man and confirmed. 

The pathogenesis, pathophysiology, hemody- 
namics, clinical manifestations, therapy, and prog- 
nosis of arterial hypertension and angina pectoris 
are discussed extensively in a chapter by Drs. Dunn 
and Frohlich. This chapter is a good review, but ap- 
pears to be aimed at the busy practicing cardiol- 
ogist or cardiovascular surgeon, in deference to 
research-oriented physicians. 

A chapter covering newer operations for congeni- 
tal heart disease was written by Dr. Dwight McGoon 
from the Mayo Clinic. In his incomparable fashion, 
he summarizes the surgical techniques and results of 
septation for univentricular hearts, repair of com- 
plete endocardial cushion defects, and the appli- 
cation of extracardiac valved conduits for truncus 
arteriosus, pulmonary atresia, and complicated 
transpositions. Mentioned in passing are the various 
"switch" procedures for transposition, the Fontan 
procedure for tricuspid atresia, and the use of left 
ventricular (as well as biventricular) extracardiac 
conduits. Unfortunately, Dr. Danielson and Dr. Mc- 
Goon's recent and relatively large experience with 
the application of right atrial-pulmonary artery di- 
version techniques for children with single or com- 
mon ventricles is not included, presumably due to 
the usual publication lag associated with a mon-. 
ograph or textbook. 

Drs. Jamieson and Kline contributed a well-written 
chapter summarizing the current status of peripheral 
arterial reconstructive procedures for ischemic lower 
extremities. They have produced a concise and com- 
prehensive essay describing the early and late results 
of both treated and untreated atherosclerotic periph- 
eral vascular disease. The majority of statistics cited 
are from the British literature and are somewhat dis- 
parate compared with results from American centers. 
It is intriguing to contemplate the multifactorial rea- 
sons for these differences. 

Although obviously not mandatory reading for 
every cardiologist and cardiac surgeon, a large 
amount of diverse information is contained in this 
volume. Even a cursory perusal should prove en- 
lightening and rewarding for most physicians in- 
terested in cardiovascular disease. The volume will 
be more attractive to those individuals with personal 
research or clinical interests in the various subjects 
covered. 


Stanford, CA 
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exercised to avoid spillage on nonbleeding surfaces, particularly in 
abdominal or thoracic viscera. Teratology studies in rats and rabbits 
have revealed no harm to the animal fetus. There are no well-controlled 
studies in pregnant women; therefore, Avitene should be used in preg- 
nant women only when clearly needed. 


Adverse Reactions: The most serious adverse reactions reported which 
may be related to the use of Avitene are potentiation of infection in- 
cluding abscess formation, hematoma, wound dehiscence and media- 
stinitis. Other reported adverse reactions possibly related are adhesion 
formation, allergic reaction, foreign body reaction and subgaleal seroma 
(report of a single case). The use of Avitene in dental extraction sockets 
has been reported to increase the incidence of alveolalgia. Transient 
laryngospasm due to aspiration of dry material has been reported fol- 
lowing use of Avitene in tonsillectomy. 


How Supplied: In 1 gm and 5 gm sterile jars of sterile microfibrillar 
collagen hemostat, all contained in a sealed can. Sterility of the jar 
exterior cannot be guaranteed if can seal is broken. Content of jar is 
sterile until opened. 


*Avitene isa registered trademark of Avicon, Inc., distributed by American 
Critical Care, division of American Hospital Supply Corporation. 


. American Critical Care 
: (formerly Arnar-Stone Laboratories) 
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Radiopaque 


At last, intra-aortic parker 
balloon pumping 
> without surgery. | 
Datascope introduces 
the PERCOR balloon. 
for percutaneous / 
insertion. 


Balloon 





lliac artery 


Sheath 


Inguinal ring 


For all of its benefits, intra-aortic balloc 
pumping has had one ever-present shortcc 

ing. The balloon had to be inserted and 

removed surgically. 

Femoral The Datascope*PERCOR balloon* puts ar 

artery end to all that. 

This remarkably innovative device is easih 
and quickly inserted through the skin, using | 
Seldinger catheterization technique. 

The surgical insertion that used to take 20 to 

minutes is now completed without surgery in 
approximately 5 minutes. Further, removal is accor 
plished in minutes without surgery as well. 

With this new technique, it is apparent that intra-aortic ballo 

pumping, when indicated, will be used by more medical speciali: 
in a wider variety of clinical settings for the benefit of increasing 

1 numbers of patients. In the oper 

| ing room, the catheterization lak 





Catheter 






Radiopaque 
marker 





CCU and emergency room. By | 
surgeon, the radiologist, the 
| Cardiologist. 
| We would be pleased to senc 
| you more information about our 
revolutionary device and to 
schedule a filmed demonstratior 
of its use. Call Robert Rewolinsk 
Manager, Cardiac Assist 
Products, at 201-265-8800 
or write him at Datascope Corp. 


Dept. #5-G, 580 Winters Avenue 


PERCOR™ balloon PERCOR™ inflated. Paramus, NJ 07652. 
ready for insertion. 


Thea Emm FRETESRÁASÁSAEES I. 2. $a? B8 — M 








Medtronic leads the way _ 
to man’s heart with an amazing 


family of new pacing products 


including Spectraflet leads. 


Spectraflex...a series of new transvenous, 
tined, urethane, ventricular leads from 
Medtronic...part of the sophisticated new 
Spectrax™ product family for a broad variety 
of applications in pacing therapy. Spectraflex 
leads are amazingly thin. Choose from dif- 
ferent stylets for the degree of flexibility you 


) 









prefer. 
i Spectraflex leads are compatible with all 
1 Spectrax pacemakers including the Spec- 


trax-VL and the Spectrax-SX. Spectrax-VL is 
a small, simple, demand pacemaker for longer 
service life. Spectrax-SX is the smallest, most 
versatile programmable pacemaker yet for 
precise noninvasive adjustment of rate, pulse 
width, sensitivity, refractory period, hys- 
teresis, pulse amplitude and pacing modes. 
Both pacemakers have the Medtronic Pacing 
for Life™ warranty. 

The Spectrax family provides for precise 
management of a wide variety of conditions. 
This extensive versatility can make possible a 
more comfortable, normally active life for 
many patients. 





... broadening the spectrum of precise patient management 





MEDTRONIC PRODUCT 
INFORMATION SUMMARY 


Medtronic® Implantable Pulse Generators 


Intended Uses—Ventricular pacing using an implantable 
ventricular pulse generator and lead system are for long- 
term therapeutic control of heart rate in patients with im- 
pulse formation or conduction disorders leading to bradyar- 
rhythmias, tachyarrhythmias and heart block (see product 
labeling for detailed list of intended uses). An atrial pulse 
generator is for long-term therapeutic control of heart rate in 
patients with impulse formation disorders but with intact, 
functioning A-V conduction systems. 


Contraindications—There are no known contraindications 
to the use of pacing as a therapeutic modality forthe control 
of heart rate in patients with normal conduction systems. In 
certain patients with anomalies of the conduction system 
(WPW syndrome and related conditions), patients may be 
benefited or harmed by cardiac pacing. Therefore, elec- 
trophysiologic studies are required prior to therapeutic ap- 
plication of pacing. In addition, the patient's age and medi- 
cal condition may dictate the particular pacing system and 
implantation procedure used by the physician. 


Warnings Diathermy should not be used on patients with 
pacemakers because of possible heat damage to elec- 
tronic components. Electrosurgical units should never be 
used in the vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar mode because 
of danger of introducing fibrillatory currents into the heart 
via the implanted pulse generator/lead. Pulse generators 
may be damaged by defibrillatory discharges if the paddles 
are placed over the implanted pulse generator. (See prod- 
uct labeling for a complete list of warnings and precau- 
tions.) 


Precautions—The physician should be aware that all pulse 
generators will ultimately cease to function due to cell de- 
pletion and may fail at any time due to random component 
or battery failures which cannot be predicted priorto failure. 
Also, that the pacing system may cease to function at any 
time due to lead-related problems such as displacement, 
fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be 
affected by electrical interference from certain electrical 
equipment. 


Side Effects —Body rejection phenomena, including local 
tissue reaction, muscle and nerve stimulation, infection, 
erosion of pulse generator/lead through skin, transvenous 
lead-related thrombosis, embolism and cardiac tam- 
ponade. 


Model 9700/9701 Programmers 


Intended Use—The Medtronic® Model 9700 and 9701 Pro- 
grammers are designed to be used by a physician for 
noninvasively programming the Medtronic® pulse 
generators listed in their respective technical manuals. The 
programmers may also be used to measure the rate and 
pulse width of implanted pacemakers. 

There are no known contraindications or major poten- 
tial complications associated with use of the programmer. 
However, these devices should not be used without prior 
study of the technical manual supplied with each pro- 
grammer. 


Warnings The programmers should only be used for pro- 
gramming the Medtronic® pulse generators designated in 
the respective technical manuals. Direct stimulation by 
energy coupling may occur if the programmers are used on 
otherimplanted devices. The programmers are not compat- 
ible with pulse generators of other manufacturers. See 
product labeling for a complete list of warnings and precau- 
tions. 
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New! REVERSING ATHEROSCLEROSIS by G. 
A. Gresham, Univ. of Cambridge, Cambridge, England. 
This text summarizes current knowledge of the causes, 
prevention, and reversal of occlusive coronary artery dis- 
ease. Chapters cover, among other considerations, studies 
documenting regression of atherosclerosis in man, an 
analysis of the components of the atherosclerotic lesion, 
and methods for assessing degrees of the disease in hu- 
mans and animals. Prevention programs are reviewed. 'S0, 
120 bp., 1 table, $11.75 


THE X-RAY DIAGNOSIS OF CONGENITAL HEART 
DISEASE IN INFANTS, CHILDREN, AND ADULTS: 
Pathologic, Hemodynamic, and Clinical Correlations as 
Related to the Chest Film (2nd Ed.) by Larry P. Elliott, 
Univ. of Alabama School of Medicine, Birmingham, and 
Gerold L. Schiebler, Univ. of Florida College of Medicine, 
Gainesville. The authors have added new chapters on 
complex congenital heart disease and analysis of cyanouc 
heart disease chest films. Other topics include the congen- 
ital bicuspid aortic valve, left ventricular stress, and pul- 
monary stenosis. '79, 424 pp. (6 3/4 x 9 3/4), 405 il., 13 
tables, $36.50 





HEMODYNAMICS AND THE BLOOD VESSEL WALL 
edited by William E. Stehbens, Wellington Clinical 
School of Medicine, Wellington, New Zealand. (7 Contrib- 
utors) Microcirculatory hemodynamics; stenoses, aneu- 
rysms, and arteriovenous aneurysms; and surgical and 
nonsurgical investigative techniques are among the topics 
discussed. '79, 664 pp. (6 3/4 x 9 3/4), 202 il., 26 tables, 
$75.25 


RESPIRATORY INTENSIVE CARE edited by Robert M. 
Rogers, Univ. of Oklahoma Health Sciences Center, Okla- 
homa City. (38 Contributors) Logically organized chapters 
cover administration of the respiratory care unit as well 
as such clinical concerns as acid-base balance, chronic 
obstructive pulmonary disease and its rehabilitation, 
ventilatory and nonventilatory therapeutic modalities, me- 
chanical ventilation, fiberoptic bronchoscopy, and man- 
agement of the postoperative patient. 77, 448 pp., 138 il. 
(3 in color), 36 tables, $37.50 


MECHANICAL ARTIFICIAL VENTILATION: A 
Manual for Students and Practitioners (3rd Ed.) by Ter- 
ring W. Heironimus, III, and Robert A. Bageant, both of 
Univ. of Virginia Medical Center, Charlottesville. This 
monograph reviews the physiology of respiration, diag- 
noses and characterizes the various forms of respiratory 
failure and their management, and discusses related 
equipment and hardware. Specific topics include alveolar 
proteinosis, chronic obstructive pulmonary disease, and 
postoperative pulmonary complications. '77, 560 pp., 98 
il., 10 tables, $31.00 


PERCUTANEOUS ANGIOGRAPHY by S. Swamy, 
Michael Reese Medical Center; Lewis Irwin Segal, Louis 
A. Weiss Memorial Hospital; and S. Mouli, Foster-McGaw 
Medical Center, all of Chicago. Basic angiographic tech- 
niques are reviewed along with common technical prob- 
lems. A final section explores the pathological rather than 
the anatomical patterns in angiography, including dis- 
eases of the vascular wall, occlusions, abnormal flow, hy- 
pertension, hypervascularity, inflammation, and tumors. 
77, 848 pp. (8 1/2 x 11), 1455 il., $88.00 
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CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialities. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times the number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, to: Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


SITUATIONS WANTED 





Thoracic and cardiovascular surgeon in private practice of 
cardiac surgery for three years wishes to relocate. ADS, 
ABTS certified; no geographic preference. Will send cur- 
riculum vitae upon request. 


Please respond to W-220, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 

rd RE ORC URINE EMEN ALL 
Experienced cardiac and thoracic surgeon, 41, seeking to 
relocate. Six years' experience in an active private practice; 
trained at major midwestern university. ABS, ABTS cer- 
tified. Will consider all areas. Curriculum vitae upon re- 
quest. 


Please respond to W-221, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
DEREN E NOM LUE OE. 
Cardiothoracic surgeon, 34, ABS certified, ABTS eligible, 
university trained, publications, wishes to relocate. Experi- 
ence includes adult cardiac, thoracic, and pediatric cardiac 
surgery. 

Please respond to W-222, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
ees aan 
Surgeon's assistant, university trained, NCCPA certified. 
Three years’ experience in cardiac-thoracic-major vascular 
surgery in large metropolitan hospital-clinic. Considerable 
operating room experience. All regions considered. Prefers 
position with primarily cardiac surgical group. 


Please respond to W-224, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
—————————————— M À— 
Thoracic and cardiovascular surgeon, 37, ABTS, ABS cer- 
tified. Well trained in all facets of thoracic, cardiac, and pe- 
ripheral vascular surgery, including angio-access. Seeking 
affiliation leading to partnership with a cardiothoracic 
group. Available immediately. 


Please respond to W-225, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


oo aaaaaaaalalalalallllluassaslllltlllltlllllMlMlMlMl 


SITUATIONS AVAILABLE 


Associate sought in private practice limited to thoracic, pe- 
ripheral vascular, and pacemaker surgery. Metropolitan 
area on East Coast. ABTS certified or candidate. 


Please respond to Marvin L. Kolkin, M.D., P.A., 18111 
Prince Philip Dr, Olney, MD 20832; tel: (301) 924-4880. 





Fellowship in pediatric cardiovascular and thoracic sur- 
gery. One-year program beginning July 1, 1980, includes 
emergency newborn surgery as well as elective closed and 
open cardiac surgical procedures. 


Please respond with curriculum vitae to A-163, The Annals 
of Thoracic Surgery, C-7079 University Hospital, Ann 
Arbor, MI 48109. 





Fellowship in thoracic and cardiovascular surgery available 
1980. 


Contact Drs. Urschel and Razzuk, Baylor University Medi- 
cal Center, 3500 Gaston Ave, Dallas, TX 75246; tel: (214) 
824-2503. 





Fellowship in thoracic and cardiovascular surgery available 
in active program beginning July 1, 1980. 


Please respond to A-173, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiac and thoracic surgeon wanted for Midwest group. 
Practice limited to adult and pediatric cardiac and thoracic 
surgery. Board certification or eligibility required; univer- 
sity training preferred. 


Submit curriculum vitae and names and addresses of three 
references to A-174, The Annals of Thoracic Surgery, C-7079 
University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon wanted to join nice 
southern California practice limited to cardiac, thoracic, 
and vascular surgery. 


Please send curriculum vitae to KiHong Kwon, M.D., 2720 
N Harbor Blvd, Fullerton, CA 92635; tel: (714) 879-9170. 





Thoracic surgeon, Board-eligible or certified, wanted to join 
busy thoracic surgeon in the Boston area. 


Please respond to A-178, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic vascular surgeon needed for group of internists- 
cardiologists. Expertise in pacemakers; some general, no 
cardiac surgery. Must be ABS, ABTS eligible or certified. 
Located on Florida's Gulf Coast. 


Please respond to A-179, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic residency in university hospital in north- 
eastern United States. Unexpected vacancy in two-year 
program for July 1, 1980. 


Please respond to A-182, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
nim A eS 
Thoracic and cardiovascular surgeon wanted to join two 
busy surgeons in Midwest. Cardiac and general thoracic 
surgery. Applicant must be ABTS eligible or certified. Sal- 
ary first year; then partnership. 


Please respond to A-185, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


ED 








Cardiothoracic and vascular surgeon wanted to join two- 
man group in eastern Pennsylvania. Must be ABTS certified 
or eligible. Would prefer someone genuinely interested in 
living in this area. 


Please respond to A-186, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiac surgeon with experience in vascular and pul- 
monary-esophageal surgery wanted. Must be ABTS certi- 
fied or eligible. Practice located near West Coast in rapidly 
growing city. Recent graduate preferred; attractive terms 
with early partnership. Excellent opportunity for young 
enthusiastic surgeon. 


Please respond to A-188, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Full-time position available in growing southeastern uni- 
versity cardiac surgery program. Clinical ability, teaching 
and research interests required. 


Please respond to A-189, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





General thoracic surgeon wanted, certified or Board eligi- 
ble, to join three-man surgical group based in one hospital 
in New York City. 


Please send curriculum vitae to A-191, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 





Cardiovascular surgeon required for one-year appointment 
as staff surgeon or clinical fellow beginning July, 1980. Ap- 
plicants should be certified or eligible by Canadian or 
American Boards. 


Please respond to Dr. Lloyd Black, Department of Surgery, 
University Hospital, Saskatoon, Saskatchewan, S7N 0X0, 
Canada. 

— ee i [EE 
Associate wanted to join ABTS-certified surgeon in estab- 
lished practice in mid-sized southern city. Practice includes 
thoracic and vascular surgery with cardiac surgery program 
planned to begin soon. ABTS certification or eligibility re- 
quired. 


Please respond with curriculum vitae to A-193, The Annals 
of Thoracic Surgery, C-7079 University Hospital, Ann 
Arbor, MI 48109. 





Thoracic and cardiovascular surgeon wanted. Ninety- 
member multispecialty group adjacent to modern, accred- 
ited 480-bed hospital with a cardiovascular intensive care 
unit seeks Board-eligible or Board-certified specialist to join 
three thoracic and cardiovascular associates. Located in 
university metropolitan area of 105,000 in upper Midwest, 
35 minutes from superb lake region. Associated with four- 
year medical school. Salary negotiable. All specialties repre- 
sented. Will pay expenses for physician and spouse for 
interview. 


Please respond to A-194, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
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K From Beth israel Hospital, Boston 


Edited by 
* martha L M 


Contents 
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Respiratory 


Intensive 


Care Nursing, 


Second Edition 


From Beth Israel Hospital 

Edited by Martha L. Morrison, R.N., M.S.N. 
Clinical Director, Surgical Nursing, 

Beth Israel Hospital, Boston 


The first edition of Respiratory Intensive Care Nursing quickly 
established itself as the guide to essential clinical information for 
physicians, therapists, and nurses who care for critically ill 
respiratory-surgical patients. But in the ever-changing world of 
intensive care, there is a need to update even the best sources of 
clinical information. Incorporating the procedures and high 
standards set by the Respiratory-Surgical Intensive Care Unit 

of the Beth Israel Hospital, Boston, the second edition of this 
spiralbound manual emphasizes today's knowledgeable and 
personalized approach to critical care. A new chapter on infection 
control and extensive updating on chest physiotherapy, mechanical 
ventilation, and weaning make Respiratory Intensive Care Nursing, 
Second Edition, current and complete. Chapters on respiratory 
failure, maintaining the airway, oxygen therapy, and CPR have also 
been revised to include contemporary procedures and research. 
Use the coupon below to order your updated copy today. You and 
your staff will refer to it daily. 


414 pages, illustrated. Spiral, #092371, $12.95 


= Clip and mail to: m— — eee 






Little, Brown and Company 
Medical Division 

200 West Street 

Waltham, Massachusetts 02154 


Please send me... copy/copies of Respiratory Intensive Care 
Nursing, Second Edition, from Beth Israel Hospital, #092371-87G1 
@ $12.95 on 30-day approval. 


Publisher pays postage and handling if check accompanies order. 
Please add sales tax if applicable. 


( ) Please bill me. Name 
Address 


City/State/Zip 








( )Mycheckfor$. 
is enclosed. 





In Canada order directly from J.B. Lippincott of Canada, Ltd., 75 Horner Ave., 
Toronto, Ontario M8Z 4X7. In Japan, order from Medical Sciences International, 
Kida Building, 1-2-13 Yushima, Bunkyo-ku, Tokyo 113. 





Required reading for all 
thoracic surgeons! 


Complications of Intrathoracic Surgery 


Edited by A. Robert Cordell, M.D., The Bowman Gray School 

of Medicine of Wake Forest University, Winston-Salem, North 
Carolina; and Robert G. Ellison, M.D., Medical College of Georgia 
School of Medicine, Augusta, Georgia 


With 56 contributing authors 


This major new reference is the first 
to explore all of the possible compli- 
cations of thoracic surgery. Using cur- 
rent research findings and based on 
the clinical experiences of 58 experts 
in the field, COMPLICATIONS OF 
INTRATHORACIC SURGERY 

details the pathogenesis, etiology, 
treatment, and prevention of 
complications associated with: 


anesthesia extracorporeal circulation 
* cardiac operations » intrathoracic 
vascular operations « esophageal 
operations « thoracic wall procedures » 
mechanical ventilators « antibiotic 
therapy * nosocomial infections 


After reading each chapter's 

expert advice on the prevention of 
complications, you will be able to 
improve the safety of your patients 
undergoing thoracic surgery. 
Numerous precise line drawings, 
photographs, X-rays, radiographs, 
and charts make COMPLICATIONS 
OF INTRATHORACIC SURGERY a 
matchless guidebook for all surgeons 
who specialize in thoracic and 
cardiovascular regions of the body. 


415 pages, illustrated. #157325, 
$38.50 
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Clip and mail to: 


Order your copy Little, Brown and Company 
today! Medical Division 


200 West Street 
Waltham, Massachusetts 02154 
Please send me. copies of Cordell and Ellison's COMPLICATIONS OF 


INTRATHORACIC SURGERY (#157325-92G1) @ $38.50 on 30-day approval. 

L ] Please bill me. 

L]Mycheckfor . /.  Á  isenclosed with the understanding that if | am not 
entirely satisfied, | may return the book(s) within 30 days of receipt for a full refund. 


Publisher pays postage and handling if payment accompanies order. Please add sales 
tax if applicable. 


Name 


jd ————————————— 
|o ————É —— RES Zip 
(In Canada, order directly from J. B. Lippincott of Canada, Ltd., 75 Horner Avenue, 
Toronto, Ontario M8Z 4X7. In Japan, order from Medical Sciences International, Kida 
Building, 1-2-13 Yushima, Bunkyo-ku, Tokyo 113.) 








- While other 
-thin pacemakers 
eonliy ` 


we 


ThinLith. The original thin, lightweight 
acemaker that continues to set standards for the 
dustry, worldwide. Since mid-1977, when Intermedics 
ioneered the thin pacemaker, many competitors have 
allowed with their own versions. 


ITERMEDICS PULSE GENERATORS 

IDICATIONS FOR USE Implantable cardiac pulse generators may be indicated for 
ng-term treatment of impulse formation and conduction disorders resulting in symp- 
matic bradyarrhythmias, tachyarrhythmias, and heart block unresponsive to drug 
erapy. 

RECAUTIONS Implanted pacemakers have a finite and relatively wide variable ser- 
ce life as a result of factors such as the initial capacity of the battery and the shelf stor- 
ge time of the manufactured pacemaker, variations in electrode system resistances, 
imulation rate, and the percentage of time the implanted pacemaker is inhibited; and 
andam electronic component failures. 





But while they were playing catch-up, the 
ThinLith pacemaker was acquiring a 3-year record t 
real time clinical experience in vivo. No other thin 
pacemaker commercially available in the U.S. toda’ 
can match this record. 


Pacemaker operation can be influenced by electric, magnetic, or electroma. 
energy mimicking normal cardiac activity. In addition, certain environmental so 
can couple sufficient energy into a pacemaker system to damage the pulse g 
Specifically, diathermy should not be used on pacemaker patients because of 
total inhibition of the pulse generator; electrocautery can inhibit and/or damage « 
pacemaker as well as cause burns or possible ventricular fibrillation; defibriilation c: 
damage the pacemaker, and the presence of the pacemaker may cause increase: 
cardiac muscle damage from defibrillation. Certain electrical and gasoline-poweré 
appliances can cause inhibition of an implanted cardiac pacemaker system. 


ThinLith was 
building a 
-year record of 
proven performance. 


ThinLith III! 


CMOS Model 229-01 


© 


lntermedics Inc. 
FREEPORT, TEXAS 





The ThinLith pacemakers remain among the to you with stimulation rates from 60 to 100 ppm and. 
allest and lightest on the market. Their proven record universal connector which accepts most pacing leads 
erformance and reliability means that vou and your without an adapter. | 
ient can count on them year after year. For more information, contact vour Intermedic 


Intermedics ThinLith pacemakers are available Representative, or call us toll-free at 800-231-2330. 


plete precautions, see the Physician's Manual for the Intermedics cardiac 
rator to be used. 


DICATIONS AND SIDE EFFECTS There are no known contraindications to 


e " 
ai ntermeotcs Inc. 
acemakers as a medical method for control of heart rate. Body rejection 


, local tissue reaction or skin necrosis, muscle and nerve stimulation, em- PO. Box 617 Freeport, Texas 77541 
cardiac tamponade have been reported. 
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Pathogens don't compromise. 
- Why should you? r 


Just one pathogen species missed 
antiseptic can cause serious problems. Tha 


why scrubbing and prepping leave no room adi 


compromise with the quality of an antiseptic. 
A small difference in cost is not worth the risk. 


BETADINE Microbicides promptly kill 
ram-positive and gram-negative bacteria, 

ungi, viruses, protozoa and yeasts. 

BETADINE Microbicides have been 
documented specifically by name—and in the 
same formulations you employ in practice— 
in over 650 published reports encompassing 
thousands of clinical procedures. 

BETADINE Microbicides were also chosen 
by NASA for disinfection procedures in Apollo 
splashdowns and in the Skylab mission. 


— BETADINE Surgical Scrub*—for surgical 
scrubbing and patient degerming. 


_____ BETADINE Solution or BETADINE 


Aerosol Spray—for patient prepping and 
postoperative antisepsis on incisions. 


-"Uncompromising" 
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antisepsis for scrubbing 
and prepping 


® 


® < 
*in the rare instances of local irritation or sensitivity, , | 
discontinue use by the individual. 


Purdue Frederick 
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Chosen for Use 
at the 1980 
Olympic 
Winter Games 





